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D seriptlon 

[0001] This invention generally relates to supportive 
endoluminal grafts which have th ability to be delivered 
transluminally and expanded in place to provide a graft 
that is endoluminalty positioned and placed, with the aid 
of an appropriate inserter or catheter, and that remains 
so placed in order to both repair a vessel defect and pro- 
vide lasting support at the location of the graft. In its 
broadest sense, the graft preferably combines into a sin- 
gle structure both an expandable luminal prosthesis tu- 
bular support component and a compliant graft compo- 
nent secured thereto. The expandable supportive endo- 
luminal graft takes on a bifurcated or branched structure 
made up of components that are designed to be posi- 
tioned in a bifurcated manner with respect to each other, 
preferably during deployment or repair and support of 
vessel locations at or near branching sites. Preferably, 
the graft component is compliant, stretchable or elasto- 
mertc and does not substantially Inhibit expansion of the 
tubular support component while simultaneously exhib- 
iting porosity which facilitates normal cellular growth or 
invasbn thereinto of tissue from the body passageway 
after implantation. 

[0002] Elastomeric vascular grafts are known to be 
made by various methods. Included are methods which 
incorporate electrostatic spinning technology such as 
that described by Ann Is et al. in "An Elastomeric N^scu- 
iar Prosthesis", Trans. Am. Soc. Artif. Intern. Organs, 
Vol. XXIV, pages 209-21 4 (1 978) and in U.S. Patent No. 
4,323,525. Other approaches include elution of particu- 
late material from tubular sheeting, such as by incorpo- 
rating salts, sugars, proteins, water-soluble hydrogels, 
such as polyvinyl pyrrolidone, polyvinyl alcohol, and the 
like, within polymers and then eluting the particulate ma- 
terials by immersion in water or other solvent, thereby 
forming pores within the polymer Exemplary in this re- 
gard is U.S. Patent No. 4,459,252, incorporated by ref- 
erence hereinto. Another approach Involves the forming 
of pores in polymers by phase inversion techniques 
wherein a solventized polymer is immersed in another 
solvent and the polymer coagulates while the polymer 
solvent is removed. Also known are spinning techniques 
such as those described in U.S. Patent No. 4,475,972. 
By that approach, a polymer such as a polyurethane-ln 
solution is extruded as fibers from a spinnerette onto a 
rotating mandrel. The spinnerette system reciprocates 
along a path which is generally parallel to the longitudi- 
nal axis of the mandrel and at a controlled pitch angle. 
The result is a non-woven structure where each fiber 
layer is bound to the underlying fiber layer. 
[0003] Also known are stent devices, which are 
placed or implanted within a blood vessel or other body 
cavity or vessel for treating occlusions, stenoses, aneu- 
rysms, disease, damage or the like within the vessel. 
These stents are implanted within the vascular system 
or other system or body vessel to reinforce collapsing, 
partially occluded, weakened, diseased, damaged or 



abnormally dilated sections of the vessel. At times, 
stents are used to treat disease at or near a branch, bi- 
furcation and/or anastomosis. This runs the risk of com- 
promising the degree of patency of the primary vessel 
6 and/or its branches or bifurcation, which may occur as 
a result of several problems such as displacing diseased 
tissue, vessel spasm, dissection with or without tntimal 
flaps, thrombosis and embolism. 
[0004] One common procedure for implanting a stent 
10 is to first open the region of the vessel with a balloon 
catheter and then place the stent in a position that bridg- 
es the diseased portion of the vessel. Various construc- 
tions and designs of stents are known. U.S. Patent No. 
4. 1 40, 1 26 describes a technique for positioning an elon- 
15 gated cylindrical stent at a region of an aneurysm to 
avoid catastrophic failure of the blood vessel wall, the 
stent being a cylinder that expands to an implanted con- 
figuration after insertion with the aid of a catheter. Other 
such devices are illustrated in U.S. Patents No. 
4.787.899 and No. 6,104.399. U.S. Patents No. 
4,503.569 and No. 4,512,338 show spring stents which 
expand to an implanted configuration with a change in 
temperature. It is implanted in a coiled configuration and 
then heated in place to cause the material of the spring 
to expand. Spring-into-place stents are shown in U.S. 
Patent No. 4,580,568. U.S. Patent No. 4,733,665 shows 
a number of stent configurations for implantation with 
the aid of a balloon catheter. U.S. Patent No. 5,019,090 
shows a generally cylindrical stent formed from a wire 
that is bent into a series of tight turns and then spirally 
wound about a cylindrical mandrel to form the stent. 
When radially outwardly directed forces are applied to 
the stent, such as by the balloon of an angioplasty cath- 
eter, the sharp bends open up and the stent diameter 
enlarges. U.S. Patent No. 4,994,071 describes a bifur- 
cating stent having a plurality of wire loops that are in- 
terconnected by an elongated wire backbone and/or by 
wire connections and half hitches. 
[0005] Stents th emselves often do not encourage nor- 
mal cellular invasion and can lead to undisciplined de- 
velopment of cells in the stent mesh, with rapid devel- 
opment of cellular hyperplasia. Grafts alone do not pro- 
vide adequate support in certain instances. Copending 
application of Jean-Pierre Dereume, Serial No, 112,774, 
entitled 'Luminal Graft Endoprostheses and Manufac- 
ture Thereof" describes grafts that have the ability to 
carry out dilatation and/or support functions. An expand- 
able tubular support component and an elastomeric 
graft component are combined into a single device 
wherein the graft material Is secured to either or both of 
the internal and external surfaces of the expandable 
support component. The graft material is produced by 
a spinning technique such as that described in U.S. Pat- 
ent No. 4,475,972. Also, luminal endoprostheses with 
an expandable coating on the surface of external walls 
of radially expandable tubular supports are proposed in 
U.S. Patents No. 4,739,762 and No. 4.776,337. In these 
two patents, the coating is made from thin elastic poly- 
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urethane, Teflon film or a film of an inert biocompatible 
material. A. Baiko et al., "Transfemoral Placement of In- 
traluminal Polyurethane Prosthesis for Abdominal Aor- 
tic Aneurysm', Journal of Surgical Research, 40, 
305-309, 1986, and U.S. Patents No. 5,01 9,090 and No. 
5,092,877 mention the possibility to coat stent materials 
with porous or textured surfaces for cellular ingrowth or 
with non-thrombogenic agents and/or drugs. 
[0006] EP-A-05511 79 discloses a bilateral Intra-aortic 
bypass graft that comprises two separate tubular grafts 
which can be intraluminal ty delivered to the aorta. Each 
graft is secured to a respective expandable tubular 
mennber which can be delivered in a radially com- 
pressed state and then expanded in situ to secure the 
respective graft to the aorta, such that the two tubular 
members engage one another. 
[0007] WO-A-95/1 3033 discloses an intraluminal vas- 
cular graft structure comprising a flexible tubular body 
formed of biocompatible material and a frame structure, 
having circumferential and longitudinal support struc- 
tures. Said tubular body may include one or more leg 
portbns suitable for repairing bifurcated vessels, which 
leg portions are integral with the flexible tubular body 
and may be equipped with their own supporting struc- 
tures. 

[0008] According to one aspect of the present Inven- 
tion there is provided a multi -component branching ex- 
pandable endoluminal graft according to claim 1 below. 
[0009] According to a second aspect of the present 
invention there is provided a branching expandable sup^ 
portive endoluminal graft as claimed in claim 15 bebw. 
[0010] In yet another aspect ot the present invention, 
a method for manufacturing a branched tubular support- 
ing component for an endoluminal graft as claimed in 
claim 28 below is provided. 

[0011] Thus, by the present invention, grafts which 
are expandable and supportive are provided that ex- 
pand from a first diameter to a second diameter which 
is greater than the first. When it is at its first diameter, 
the expandable supportive graft is of a size and shape 
suitable for insertion into the desired body passageway. 
The material of the graft is substantially insert and pref- 
erably has a generally cylindrical cover and/or lining 
generally over the outside and/or inside surface of the 
expandable supportive component. Preferably, the cov- 
er and/or lining is especially advantageous because it 
is compliant or elastomeric and porous to encourage de- 
sirable growth of tissue thereinto in order to assist in 
non-rejecting securement into place and avoidance of 
stenosis development. The porous liner and/or cover 
material is compliant or elastomeric enough to allow for 
expansion by up to about 2 to 4 limes or more of its un- 
expanded diameter. Components of the branched or bi- 
furcated expandable supportive endoluminal graft pref- 
erably are deployable separately such that each com- 
ponent Is properly positioned with respect to the other 
into the desired branch d or bifurcated arrangement. 
One of the components has a portion which has at least 



one longitudinally disposed indent to generally define at 
least two leg portions for receiving one of the other com- 
ponents. 

[0012] It is a general object of the present invention 
B to provide an improved branched endoluminal graft that 
is expandable in place and, once expanded, is self-sup- 
porting. 

[0013] Another object of this invention is to provide 
biocompatible grafts having a plurality of components 
10 that are separately expandable m vivo and that are sup- 
portive once so expanded. 

[0014] Another object of the present invention is to 
provide an improved expandable reinforced graft that is 
delivered by way of introducers, balloon catheters or 
IS similar devices, and which facilitates good tissue in- 
growth. 

[0015] Anotherobjectof this invention is to provide an 
improved endoluminal graft which fully covers diseased 
or damaged areas for carrying out luminal repairs or 
treatments, such as repair of aneurysnr\s. 
[0016] Another object of the present invention is to 
provide an improved endoluminal graft wherein the en- 
doprosthesis is substantially enclosed within biocom- 
patible compliant material which is presented to the sur- 
rounding tissue and blood or other body fluid. 
[0017] Another object of the present invention is to 
provide a self-expanding reinforced graft device that is 
delivered in its elongated and compressed state from 
within a tubular member and deployed by moving same 
put of the tubular member, which device is especially 
suitable for component deployment. 
[0018] Another object of this invention is to provide a 
bifurcated trunk component that is deployed in a col- 
lapsed state and expanded in vivoXo a branched device 
for use in treatment and/or repair at branched vessel lo- 
cations. 

[0019] A further object of the present invention is to 
provide a component branched endoluminal graft hav- 
ing a longitudinally creased trunk component and at 
least one cylindrical branch component, which compo- 
nents are expanded separately after endoluminal deliv- 
ery and which form a bifurcated graft once positioned 
with respect to each other and expanded. 
[0020] Another object of this invention is to provide an 
Improved method of forming a branched endoluminal 
graft incorporating a longitudinal creasing procedure. 
[0021] These and other objects, features and advan- 
tages of this invention will be clearly understood through 
a consideration of the following detailed description. 
[0022] Following is a description by way of example 
only with reference to the accompanying drawings of 
methods of carrying the present invention into effect. 

Figs. 1, 2. 3 and 4 illustrate a component branched 
graft and various stages of its separate, component 
deployment within a body vessel to repair an aneu- 
rysm, Figs. 1 and 2 showing deployment of a pre- 
ferred branched, longitudinally indented trunk com- 
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ponent, and Figs. 3and 4 showing separate deploy- 
ment of two branch components within the trunit 
component; 

Fig. 5 is a top pian view of a branching Xrmk com- 
ponent in accordance with the invention; 
Fig. 6 is a cross-sectional view along the line 6-6 of 
Fig. 5; 

Fig. 7 is a side elevational view of the branching 
trunk component as illustrated in of Figs. 5 and 6 ; 
Fig. 8 is an end view of the structure as shown in 

Fig. 7 ; 

Fig. 9 is a perspective, generally exploded view of 
an example of a fixture suitable for fomiing the lon- 
gitudinal crease in the trunk component according 
to the present invention; 

Fig. 1 0 is a longitudinal broken-away view of the fix- 
ture of Fig. 9 with a braided cylindrical tube posi- 
tioned therein; 

Fig. 11 is a view generally in accordance with Fig. 
10, showing formation of opposing crease indents 
In the braided cylindrical tube during fomnation of 
the preferred trunk component; 
Fig. 1 2 is a top plan view showing assembly of sup- 
portive endoprosthesis leg components into a 
branching trunk component according to the inven- 
tion; and 

Fig. 1 3 is an end view of the structure as shown in 
Fig. 12. 

[0023] A bifurcated endoprothesis or expandable 
supportive graft is one in which the separate compo- 
nents are each expandable supportive graft members. 
These separate components are illustrated in Fig. 1 
through Fig. 4 which also illustrate their separate de- 
ployment with respect to each other within an aortic 
trunk. Same is shown in connection with treating an an- 
eu rysm such as an abdominal aorto-iliac aneurysm. The 
device includes a trunk component 101 which, in the il- 
lustrated use, is designed to extend from below the renal 
arteries to a location between the proximal neck of the 
aneurysm and the aorto-iliac bifurcation. It will be un- 
derstood that this trunk component could also be shorter 
so that it terminates just below the proximal neck of the 
aneurysm, for example of a length which terminates 
within a deni or crease 124. In addition, the component 
bifurcated expandable supportive graft of this embodi- 
ment is self -expanding and is deployed by means an 
introducer containing compressed expandable support- 
ive graft components. 

[0024] More particularly, and with reference firstly to 
Fig. 1, a guidewire 102 is first inserted In accordance 
with known procedures so as to traverse the aneurysm 
103. Next, an introducer, generally designed as 104 
having the trunk component therewlthin in a radially 
compressed state is inserted over the guidewire 102. 
The introducer is maneuvered such that it is properly 
positioned as desired, in this case at a locatbn distal of 
the distal end of the aneurysm. Then, the sheath 1 05 of 



th introducer is withdrawn, such as by sliding it in a 
proximal direction while the remainder of the introducer 
104 remains in place. As the sheath is withdrawn, the 
trunk 101 expands, eventually achieving the deployed 

s or implanted position shown in Fig. 2. At this stage, the 
distal portion 106 of the trunk is well anchored into the 
biood vessel wall and is suitably deployed. 
[0025] Fig. 3 shows an Introducer, generally designat- 
ed as 107, having an independent tubular expandable 

10 supportive graft leg component 108 (Fig. 4) radially 
compressed therewrthin. In this illustrated embodiment, 
this leg component is an iliac component of the bifurcat- 
ed supportive graft being assembled within the body 
vessel. The introducer 107 is advanced until this iliac 

IS component is moved into a leg 109 of the already de- 
ployed trunk component 101. This positioning is illus- 
trated in Fig. 4. It will be noted that the iliac tubular sup- 
portive graft component 1 08 extends from well with in the 
leg 109 to a location proximal of the aneurysm in the 

^0 iliac artery 110. 

[0026] In a previous step, a guidewire had been 
passed through the appropriate vessel to iliac artery 112 
until it crossed the aneurysm 1 03, while passing through 
the other leg 1 1 3 of the deployed trunk component 1 01 . 

ss When the introducer for the previously radially com- 
pressed iliac component 115 had been removed, the 
component 115 had expanded radially and was de- 
ployed. Thus, the entirety of the bifurcated endopros- 
thesis or expandable supportive graft in accordance 

30 with this embodiment is fully deployed and assembled 
together as shown in Fig. 4, as well as generally depict- 
ed in Figs. 12 and 13. 

[0027] It will be noted that it is not required to actually 
attach the trunk component 1 01 and the tubular compo- 

^ nents 108, 115 together. In other words, these compo- 
nents are generally telescopically positioned with re- 
spect to each other. This telescopic feature allows some 
slippage between the trunk component and the tubular 
leg components, thereby providing a telescopic joint 

40 which functions as a slip bearing. It will be appreciated 
that it is generally desirable to firmly anchor portions of 
the bifurcated endoprosthesis within healthy vessel wall 
tissue. This can be achieved by the hoop strength of the 
supportive graft or by taking measures to enhance hoop 

^ strength at its ends, or by providing grasping structures 
such as hooks, barbs, flared ends and the like. During 
pulsetile blood flow and possibly during exercise by the 
person within which the endoprosthesis is implanted, 
tension and elongation forces are imparted to the endo- 

^ prosthesis. In structures that do not have a telescopic 
joint or some other means to relieve the stress devel- 
oped by this tension, a considerable amount of stress 
can be placed on the anchoring sites and/or the attach- 
ment components, potentially allowing for dislodgement 

55 at the anchoring sites or breakage of attachment com- 
ponents. 

[0028] Figs. 5, 6. 7 and 8 further illustrate a trunk com- 
ponent 1 01 . It includes a common trunk portion 1 1 8 and 
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a branched portion, g neraliy designated as 119. The 
branched portion includes the legs 109 and 113. In this 
ennbodiment, a lurther common trunk portion 120 is lo- 
cated opposite the oth r common trunk portbn 1 1 8 and 
extending from the branched portion 119. Thus, the 
overall configuration of the trunk component is that of a 
double-lumen length located between two single-lumen 
lengths. The common trunk portion 118 can be posi- 
tioned, for example, in the aortic artery, the branched 
portion 119 provides a bifurcation structure to direct 
blood flow Into the two iliac arteries, and the further com- 
mon trunk portion 120 facilitates deployment of the leg 
components into the branched portion 119. acting in the 
nature of a funnel for each guidewlre. introducer and 
contracted leg component. 

[0029] Trunk component 101 includes a stent or tubu- 
lar supporting component 121. Also included is a liner, 
generally designated as 122. A further liner 123 prefer- 
ably is located interiorly of the liner 122. Liners 122, 123 
are secured within the stent component 121 in order to 
provide proper porosity for an endoprosthesis. 
[0030] -Trunk component 101 includes one or more in- 
dents, such as indent 124 and indent 125, A third, a 
fourth, or further indents can be provided depending up- 
on the degree of branching desired It will be appreciat- 
ed that one or more tubular expandable supportive leg 
graft components will be provided in order to slide into 
the branched passageways which are thus defined by 
the indent(s). In the illustrated embodiment, one such 
leg component 108 slidingiy engages an opening 126 
of the trunk component leg 1 09, while a second leg com- 
ponent 115 slidingiy and expansively fits within opening 
127 of the leg component 115. 
[0031] The prosthesis as discussed is deployed to re- 
place or repair tubular bodies such as blood vessels, 
tracheas, ureters and the like, accommodating more 
than one conduit in order to divert flow to other branches 
of the tubular body. This allows for repair of a bifurcated 
area which is difficult to repair using a single-lumen de- 
vice or a plurality of individual single-lumen devices. It 
is suitable for repair of dannages branched conduits or, 
conversely, to repair conduits which converge into asin- 
gie branch. 

[0032] A preferred use for the bifurcating endoiuminai 
grafts discussed herein is for insertion into a branching 
blood vessel. Same is typically suitable for use in the 
coronary vasculature (the right, left common, left ante- 
rior descending, and circumflex coronary arteries and 
their branches) and the peripheral vasculature (branch- 
es of the carotid, aorta, fennoral, popliteal arteries and 
the like). These bifurcated devices are also suitable for 
implantation into other branching vessels such as in the 
gastrointestinal system, the tracheobronchial tree, the 
biliary system, and the genitourinary system. 
[0033] It will be appreciated that the expandable sup- 
portive grafts in accordance with the present invention 
will dilate and/or support blood vessel lesions and other 
defects or diseased areas, including at or In proximity to 



sites of vascular bifurcations, branches and/or anasto- 
moses. The expandable supportive graft is an integral 
structure that incorporates the expandable support 
component into the wall or walls of the elastomerk; graft. 
6 Covers and/or linings that make up the grafts interface 
with body components that facilitate normal cellular in- 
vasion without stenosis or recurrent stenosis when the 
graft is in its expanded, supportive orientation. The graft 
material is inert and biocompatible. The expandable 
10 supportive graft can be expanded from a smaller diam- 
eter insertion configuration to a larger diameter implan- 
tation configuration by the application of radially out- 
wardly directed forces provided by expanding the endo- 
prosthesis with, a balkx>n catheter, using an ejectbn 
tube that allows a spring-into-place structure to be de- 
ployed from the end of a catheter into its expanded con- 
figuration, or by using a support component made of cer- 
tain alloys exhibiting thermotransition characteristics by 
which they expand when heated, for example. 
[0034] In addition to the support component struc- 
tures illustrated herein, support structures include oth- 
ers liaving spring characteristics and those having a coil 
with circumferentially oriented fingers such as shown in 
Gianturco U.S. Patent No. 4,800,882. incorporated by 
reference hereinto. U.S. Patents No. 5,061.275, No. 
5,219,355 and No. 5,336,500 relate to expanding or 
self -expanding endoiuminai devices. Typically, these 
devices center on the use of a metallic structure impart- 
ing expansion attributes. U.S. Patents No. 4.994,071 
and No. 5,360,443 describe bifurcated devices which 
use expandable metallic stent structures and textile ma- 
terials allowing branching of fluid flow. In general, ma- 
terials of these patents, incorporated by reference here- 
into, can be utilized in constructing components of the 
present invention. 

[0035] More specifically, the tubular supportive com- 
ponent preferably is a braided tubular stent body made 
of metal alloy or any other material that is flexible, while 
being rigid and resilient when thus braided. Spring-type 
metals are typically preferred, such as stainless steel, 
titanium, stainless steel alloys, cobalt-chromium alloys, 
including alloys such as Elglloy(&. Phynox® and Conl- 
chrome®. Thermal transition or memory function alloys 
such as nickeUltanium alloys including NitinoKB) are also 
suitable. Malleable metals Including tantalum would be 
especial ly suitable for a structu re that is not self -expand- 
ing. 

[0036] Concerning the materials for the Itner(s), they 
are typically polymeric materials in the form of a mem- 
brane or textile-like material, the objective being to re- 
duce the porosity of the stent for proper tissue ingrowth 
and fluid tightness. Exemplary polymeric materials in- 
clude polyesters such as polyethylene terephthalate, 
polyolefins such as polypropylene, or elastomeric ma- 
terials such as polyurethane or silicone rubber Combi- 
nations of these materials are also possible. In an es- 
pecially preferred arrangement, the liner 122 which en- 
gages the tubular supportiv component 1 2 1 is made of 
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a double tricot polyester mesh knit, typically a DacroniB) 
type of material, while the interior liner is made of a poly- 
urethane such as Corethane(S> polymer polycarbonate 
urethane of Corvita Corporation. In an especially pre- 
ferred arrangement, a thin coating or cover ot polymer 
is provided over the braided wires of the tubular sup- 
portive component. A preferred polymer in this regard 
is a polycarbonate urethane. 

[0037] In addition, various surface treatments can be 
applied to render the surfaces of the expandable sup- 
ported graft more biocompatible, included are the use 
of pyrolytic carbon, hydrogels and the like. The surface 
treatments can also provide for the elution or immobili- 
zation of drugs such as heparin, antiplatelet agents, an- 
tiplatelet-derived growth factors, antibiotics, steroids, 
and the like. Additionally, the coating and/or liner can be 
loaded with drugs such as those discussed herein, as 
well as lytic agents in order to provide local dmg therapy. 
[0038] It will be noted that the indent(8) such as in- 
dents 124, 125 are longitudinally disposed and gener- 
ally define at least two leg portions, each with a diameter 
less than.the diameter of the main body. Each indent 
has an internal longitudinal surface such as bngltudinat 
edge 128, 129. These edges can be in contact with one 
another. If desired, they can be secured together such 
as with sutures, adheslves, wires, clips or the like (not 
shown). One or two such indents or creases produce an 
asymmetrical or a symmetrical bifurcation as desired. In 
another exemplary approach, three indents would form 
a trifurcated device. Additional creases can be provided 
insofar as is allowable by the braided wire mesh density 
and diameter. 

[0039] Whatever the number of indents, the deforma- 
tion of the braided tubular body reduces the cross-sec- 
tional area from that of the main trunk body to that of 
each branched area. The total cross-sectional area of 
the branching tubular bodies should be equal to or great- 
er than 40% of the cross-sectional area of the main trunk 
body. Preferably, this area should be greater than about 
70% in order to prevent any significant pressure differ- 
ences along the device once deployed and implanted. 
For example, in a typical human, the cross-sectional ar- 
ea of the abdominal aorta is reduced by only about 20% 
when opening into the common iliac arteries. 
[0040] Fig. 9 illustrates a fixture suitable for use in 
forming the indent or indents as permanent deforma- 
tions of the braided mesh cylinder which is the tubular 
supportive component. Fixture 131 in the configuration 
as illustrated is used for shaping a symmetrical bifurcat- 
ed design. The braided cylinder is longitudinally conn- 
pressed and placed over the mandrel 132, this place- 
ment being generally shown in Fig. 10. End caps 133, 
134 lock the tubular supportive component 121 in its 
compressed state. Same is then placed into the fixture 
131, as generally shown in Fig. 9 . Slits 135 are posi- 
tioned parallel to the bngitudinal axis and on opposite 
sides. This permits th slipping of blades 136, 137 into 
the fixture 1 31 and thus into engagement with the tubu- 



lar supportive component. Edges 1 38. 1 39 of the blades 
then engage and crease the tubular supportive compo- 
nent 121 between the blade edges 138, 139 and the 
troughs 141, 142 of the mandrel 132. 
s [0041] It will be appreciated that the length of the 
blade edges 138, 139 can be varied in order to create 
a desired length of defomiation on the main body of the 
trunk component. In addition, branching areas thus 
formed can be made of different sizes by varying the 
10 size of the individual cylindrical components of the man- 
drel 132 so they are not identical as shown in Fig. 9. A 
larger sized mandrel cylinder will result in the fomnation 
of a larger trunk component leg 109, 113. This would 
typically also include shifting the location of the slits 1 35 
IS so that the plane of blade insertion will line up with the 
troughs. It will be appreciated that the trifurcated ar- 
rangement is achieved by a three-component mandrel 
and three slits and blades that are 1 20° apart. Similarly, 
a four-branched structure woukj include four of each 
20 features, spaced 90** apart. 

[0042] In a preferred arrangement, the thus deformed 
braided tubular supportive component is chemically and 
heat processed In order to set the desired diameter and 
mechanical properties of the main body. Once this flex- 
ibie metallic stent with conformed shape is thus pre- 
pared, it is preferably lined as discussed elsewhere 
herein. It will be noted that the illustrated tubular braided 
mesh has a main cross-sectional area and has an out- 
ward flair at both ends. The brakJed structure is advan- 
ce tageously accommodated by the serrated structure of 
the blade edges 1 38, 1 39 in that the wire elements of 
the braid are grasped and secured at the ends of the 
bifurcation. 



[0043] This example illustrates the formation of a 
branched expandable supportive endoluminal graft hav- 
ing an expanded internal diameter of 1 0 mm and which 
is bifurcated to accommodate two endoluminal support- 
ive graft legs of 5 to 7 mm in diameter A liner of non- 
woven polycarbonate urethane (Corethane®) was spun 
by winding over a mandrel, generally in accordance with 
U.S. Patent No. 4,475.972. In this instance, the liner 
consisted of approximately 400 layers of fibers. A bifur- 
cated braided mesh tubular supportive component 
made in a fixture as illustrated in Fig. 9 was spray coated 
using a dilute solution of polycarbonate urethane having 
a hardness grade and a melting point lower than that 
used to spin the liner. It was allowed to dry with warm 
air. Several spray coats allow for the formation of an ad- 
hesive layer 

[0044] The previously prepared polycarbonate ure- 
thane liner was cut to length and placed inside the ad- 
hesive-coated bifurcated braided mesh and seated to 
closely fit the bifurcated braided mesh. A mandrel hav- 
ing a shap similar to the inner configuration of the bi- 
furcated mesh was Inserted from one end to act as a 
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support. Shrink tubing was slipped ovar portions of this 
assembly. This assembly was heated to the melting 
point of the polycarbonate urethane adhesive while al- 
lowing the shrink tubing to heat shrink and cx)mpre8s the 
braided mesh against the liner which is supported by the s 
shaped mandrel. After cooling, the shrink tubing was re- 
moved and the mandrel slipped out, leaving a complet- 
ed trunk component as described herein. 
[0045] The two endoluminal tubular expandable sup- 
portive graft leg components are prepared In accord- io 
ance with a similar procedure which is simpler because 
of the cylindrical shape of these components. 

Example II 

IS 

[0046] The procedure of Example I is substantially re- 
peated, except the liner is a double tricot polyester mesh 
net. In a similar arrangement, a trunk component of the 
same structure was formed, except prk>r to insertion of 
the supporting mandrel, a second, innermost liner of 20 
polycarbonate urethane is positioned in order to provide 
a double-lined branched component. 

Example III 

2S 

[0047] The procedures of Example I and of Example 

II are generally folbwed, except here the expanded in- 
ner diameter of the trunk component is 25 mm, and the 
cylindrical leg endoluminal grafts are 12-1 5 mm in diam- 
eter. 30 



Claims 

1 . A multi-component branching expandable support- .3S 
Ive endoluminal graft comprising: 

a plurality of expandable supportive endolu- 
minal components (101,108,115) which are capa- 
ble of individual deployment at a selected location 
within a body vessel, each said supportive endolu- 40 
minal graft component being radially compressible 
for endoluminal insertion and radially expandable 
for deployment at a desired location within a body 
vessel; 

characterised in that one of said expandable 
supportive endoluminal components is a trunk com- 
ponent (101), said trunk component being generally 
tubular and having a first portion (11 8) with a given 
diameter and a second portion (119) including a lon- 
gitudinally disposed indent (124) generally defining so 
at least two leg portions (109,113), each with a di- 
ameter less than said given diameter, and each said 
leg portion has a leg opening (126,127); 

at least one other of said expandable support- ss 
ive endoluminal components Is a generally cy- 
lindrical supportive leg component (108,115); 
and 



said generally cylindrical supportive leg compo- 
nent, when said leg component and trunk com- 
ponent are deployed within the body vessel, is 
positioned within one of said leg portions of the 
trunk component. 

2. The supportive endoluminal graft in accordance 
with claim 1 , wherein said generally cylindrical sup- 
portive leg component (1 08, 1 1 5) has an end portion 
which, when depbyed, is positioned within said leg 
opening (126,127) of the trunk component. 

3. A multi-component, branching, expandable, sup- 
portive endoluminal graft as claimed in claim 1, 
wherein said generally cylindrical supportive leg 
component (108,115) has an end portion which, 
when deployed, is telescopically positioned within 
said leg opening (126.127) of the trunk component. 

4. A multi-component, branching, expandable, sup- 
portive endoluminal graft as claimed in claim 1, 
claim 2 or claim 3, wherein said trunk component 
(1 01 ) has a plurality of said indents (1 24. 1 25). each 
indent having a longitudinal internal surface, where- 
in said longitudinal internal surfaces define said leg 
portions (109,113) of said trunk component. 

5. A multi-component, branching, expandable, sup- 
portive endoluminal graft as claimed in any preced- 
ing claim, wherein said leg portions (109,113) are 
adapted to receive said generally cylindrical leg 
components (108,115). 

6. The supportive endoluminal graft in accordance 
with any preceding daim^ wherein said plurality of 
expandable supportive endoluminal components 
are self-expanding. 

7. The supportive endoluminal graft in accordance 
with any of claims 1 -5. wherein said plurality 0I ex- 
pandable supportive endoluminal components can 
be deployed by a radially expandable device. 

8. The supportive endoluminal graft in accordance 
with any preceding claim, wherein sa\6 generally 
cylindrical supportive component (108.115) in- 
cludes a generally cylindrical supporting member 
and a generally cylindrical liner secured therealong. 

9. The supportive endoluminal graft in accordance 
with any preceding claim, wherein said trunk com- 
ponent (101) has a trunk liner (122.123) which in- 
cludes a compliant wall of essentially inert biocom- 
patible material, said trunk liner being attached to 
the internal surface of the trunk component, said 
compliant wall having a diameter size that expands 
with said trunk component. 
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10. The supportive endoluminal graft in accordanc 
with claim 8, wherein said liner of the generally cy- 
lindrical supportive teg component (108,115) Is a 
compliant wall of essentially Insert biocompatlbl 
material, said compliant wall being applied onto at 
least the internal surface of the generally cylindrical 
tubular supporting member of the leg component 
(108,115). 

11. The supportive endoluminal graft in accordance 
with any preceding claim, wherein said generally 
cylindrical supportive leg component (108,115), 
when deployed, is telescopically slidably positioned 
within one of said teg portions (109,113) of the trunk 
component. 

12. The supportive endoluminal graft in accordance 
with claim B. wherein said liner of the leg component 
(108,115) is a compliant wall made from a porous 
material that provides a structure which allows nor- 
mal cellular invasion thereinto from the body vessel 
when implanted therewithin. 

13. The supportive endoluminal graft in accordance 
with claim 1 2, where said porous material is coated 
with a thin layer of silicone rubber. 

14. The supportive endoluminal graft in accordance 
with any preceding claim, wherein said generally 
cylindrical tubular supportive components 
(1 08, 1 1 5) include wire strands shaped as Intersect- 
ing elongated lengths integral with each other and 
defining openings therebetween to form a braided 
mesh-shaped tubular supporting member. 

15. A branching expandable supportive endoluminal 
graft comprising: 

an expandable supportive endoluminal graft 
component which can be deployed individually at a 
selected location within a body vessel, said support- 
ive endoluminal graft component being radially 
compressible and radially expansible; 

characterised in that said expandable sup- 
portive endoluminal graft component is a trunk com- 
ponent (101) which is generally tubular and has a 
first portion (118) with a given diameter and a sec- 
ond portion (119) including a longitudinally dis- 
posed indent (124) generally defining at least two 
leg portions (109,113), each with a diameter less 
than said given diameter, and each said leg portion 
has a leg opening (126.127). 

16. The supportive endoluminal graft in accordance 
with any of claims 1 to 15, wherein said trunk com- 
ponent has a plurality of said indents (124,125), 
each indent having a bngitudinal internal surface, 
and said longitudinal internal surtaces engage ach 
other th reby to define said leg portion (1 09. 1 1 3) to 



be generally cylindrical. 

17. The supportive endoluminal graft in accordance 
with claim 16. wherein said longitudinal internal sur- 

6 faces are longitudinal edges that are secured to- 
gether. 

18. The supportive endoluminal graft in accordance 
with claim 15, wherein said trunk component (101) 

10 has a polymeric porous wall (122) of essentially In- 
sert biocompatible material, said compliant porous 
wall being applied onto at least said internal surface 
of the tubular supporting component, and said pol- 
ymeric wall has a longitudinally disposed crease 

IS which lies along said indent (124) of the trunk com- 
ponent. 

19. The supportive endoluminal graft in accordance 
with claim 1 or claim 15, wherein said trunk compo- 
se nent (101) includes a third portion (120) having a 

diameter approximating said given diameter of the 
first portion (118), and said second portion (119) is 
positioned between said first portion and said third 
portion. 

2S . 

20. The supportive endoluminal graft In accordance 
with claim 19, wherein said first portion (118) and 
said third portion (120) are each generally cylindri- 
cal. 

30 

21. The supportive endoluminal graft in accordance 

with claim 12 or claim 18, wherein said porous ma- 
terial of said compliant wall is an elastomeric poly- 
mer. 

35 

22. The supportive endoluminal graft in accordance 
with any one of claims 12, 18 or 21. wherein said 
porous material of said compliant wall is a polycar- 
bonate urethane. 

40 

23. The supportive endoluminal graft in accordance 
with claim 9 or claim 1 8, wherein said trunk wall in- 
cludes an interior liner (123) and an intermediate 
liner (122) between said interior liner and said tubu- 
lar supporting component. 

24. The supporting endoluminal graft in accordance 
with any preceding claim, wherein said trunk com- 
ponent includes a plurality of wire strands with open 

so areas therebetween to form a braided mesh. 

25. The supportive endoluminal graft in accordance 
with claim 24, wherein said wire strands include a 
plurality of individual strands which are longitudinal- 

ss ly adjacent to and in contact with each other in a 
braided, crossing configuration. 

. 26. The supportive endoluminal graft in accordance 
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with any preceding claim, wherein the endolunninai 
graft is subjected to surface treatment with a com- 
pliant adhesive-lik polymer. 

27. The supportive endofuminal graft in accordance s 
with claim 26, wherein the compliant adhesive-like 
polymer Is a polycarbonate urethane. 

28. A method for manufacturing a branched tubular 
Bupporting component for an endoluminal graft. io 
comprising: 

forming an expandable tubular supportive en- 
doluminal graft component, said component being 
a trunk component (101), characterised by crimping 
at least one longitudinal portion (11 g) of said tubular is 
supportive component to form at least one longitu- 
dinal disposed Indent (124) therein to provide at 
least two leg portions (10g,113), each with a diam- 
eter less than the diameter of the trunk component 
and each sakJ leg portbn having a leg opening ^ 
(125,127). 



29. A method as claimed in claim 28, wherein one lon- 
gitudinally disposed indent (124) is formed to pro^ 
vide a double lumen portion (119) of said tubular 
supportive component. 

30. A method as claimed in claim 28, wherein two lon- 
gitudinally disposed indents are formed to provide 

a triple lumen portion of said tubular supportive 30 
component. 

31. A method as claimed in claim 28, wherein two lon- 
gitudinally disposed indents (124,125) are formed 

to provide a double lumen portion of said tubular ss 
supportive component. 

32. A method as claimed in claim 28, wherein three lon- 
gitudinally disposed indents are formed to provide 

a quadruple lumen portion of said tubular support- 40 
ive component. 

33. A method as claimed in any of claims 2B-32, where- 
in said tubular supportive component comprises a 
cylindrical braided mesh tube that is made by brakJ- 
ing metal strands into a cylindrical member 

34. A method as claimed in any of claims 28-33, further 
comprising the step of attaching an adhesive layer 

to the inside surface of the crimped tubular support- . so 
ive component. 

35. A method as claimed in claim 34, further comprising 
the step of inserting a polymerb pliant tube within 
the crimped tubular supportive component into en- ss 
gagement with said adhesive layer 

36. A method as claimed in claim 35. further comprising 



the step of applying pressure to secure the polymer- 
ic compliant tube onto the inside surface of the 
crimped tubular supportive component and to form 
a crease in the polymeric compliant tube that gen- 
erally confomis in shape and size to the indent of 
the crimped tubular supportive component. 

37. A method as claimed in any of claims 28-36, where- 
in said crimping step defines at least two leg por- 
tions (109.113), each leg portion defining a leg 
opening (126,127) having an internal diameter less 
than that of the tubular supportive component prior 
to said crimping step; and further comprising the 
step of forming a generally cylindrical supporting leg 
component (108,115) that includes a tubular sup- 
porting member having an external diameter that Is 
less than the internal diameter of a leg opening 
(1 26, 1 27) of the crimped tubular supportive compo- 
nent. 



Patentanspruche 

1. Mehrkomponenten verzweigtes aufweitbares stut- 
zendes endoluminales Implantat umfassend: 
eine Mehrzahl aufweitbarer stOtzender endoluml- 

naler Komponenten (101, 108, 115), die fur einen 
Individuellen Einsatz an einer ausgewahlten Steile 
innerhalb eines KorpergefafJes geeignet sind, wot 
bei jede stutzende endoluminale Implantatskompo- 
nente radial kompressibel zur endoiuminalen Ein- 
fuhrung und radial aufweitbar zum Einsatz an einer 
gewunschten Stelle innerhalb eines KorpergefaGes 
ist; 

dadurch gekennzeichnet, daB 

eine deraufweitbaren stutzenden endoiumina- 
len Komponenten eine Truncuskomponente 
(101) ist, wobei die Truncuskomponente im all- 
gemeineh rohrformig ist und einen ersten Ab- 
schnitt (118) aufweist mit einem gegebensn 
Durchmesser und einen zweiten Abschnitt 
(119) aufweist, der eine longitudinal angeord- 
nete Vertiefung (1 24), die im allgemeinen min- 
destens zwei Schenkelabschnitte (109, 113) 
definiert, einschlie3t, mit jeweils einem Durch- 
messer. der geringer als der vorgegebene 
Durchmesser ist und jeder Schenkelabschnitt 
eine Schenkelpffnung (126, 127) aufweist; 
mindestens eine andere der aufweitbaren stut- 
zenden endoiuminalen Komponenten eine im 
allgemeinen zylindrisch stutzende Schenkel- 
komponente (108, 115) ist; und 
die im allgemeinen zylindrisch stutzende 
Schenkelkomponente innerhalb eines der 
Schenkelabschnitte der Truncuskomponente 
ang ordnet ist. wenn die Schenkelkompon nte 
und die Truncuskompon nte inneriialb des 
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KorpergefaBes eingesotzl werden. 

2. Stutzendes endoluminales Implantat gemafB An- 
spruch 1, wobei die im allgemeinen zylindrisch 
stutzends Schenkelkomponente (108, 115) einen 6 
Endabschnitt aufweist, der, wenn er eingesetzt ist, 
innerhalb der Schenkeloffnung (126, 127)derTrun- 
cuskomponente angeordnet ist. 

3. Mehrkomponenten verzweigtes aufweitbares etut- io 
zendes endoluminales Implantat nach Anspruch 1 , 
wobei die allgemein zylindrische stutzende Schen- 
kelkomponente (108, 115) einen Endabschnitt auf- 
weist, der, wenn er eingesetzt ist, teleskopartig in- 
nerhalb der Schenkeloffnung (126, 127) der Trun- is 
cuskomponente angeordnet ist. 

4. Mehrkomponenten verzweigtes aufweitbares stut- 
zendes endoluminales Implantat nach Anspruch 1, 
Anspruch 2 Oder Anspruch 3, wobei die Truncus- 
komponente (101 ) eine Mehrzahl der Verliefungen 
(124; 125) aufweist, wobei jede Vertiefung eine lon- 
gltudinate interne Oberfiache hat, wobei die longi- 
tudinaten intemen Oberflachen die Schenkeiab- 
schnitte (109, 113) der Truncuskomponente defi- 
nieren. 

5. Mehrkomponenten verzweigtes aufweitbares stut- 
zendes endoluminales Implantat nach irgendeinem 
der vorhergehenden Ansp ruche, wobei die Schen- so 
kelabschnitte (109, 113) angepaOt sind, um die all- 
gemein zylindrischen Schenkelkomponenten (108, 
115) aufzunehmen. 

6. Stutzendes endoluminales Implantat nach Irgend- 3S 
einem der vorhergehenden AnsprQche, wobei die 
Mehrzahl der aufweitbaren stutzenden endolumi- 
nalen Komponenten selbstaufweitend sind. 

7. Stutzendes endoluminales Implantat nach irgend- 40 
einem der AnsprQche 1-5, wobei die Mehrzahl der 
aufweitbaren stOtzenden endolumlnalen Kompo- 
nenten durch ein radial aufweitbares Gerat einge- 
setzt werden konnen. 

45 

8. Stutzendes endoluminales Implantat nach irgend- 
einem der vorhergehenden AnsprQche, wobei die 
im allgemeinen zylindrische stutzende Komponen- 

. te (108, 115] ein im allgemeinen zylindrisches stut- 
zendes Teil und eine im allgemeinen zylindrische so 
Auskleidung. die dort entlang betestigt ist, eln- 
schlieBt. 

9. Stutzendes endoluminales Implantat nach irgend- 
einem der vorhergehenden AnsprQche, wobei die S6 
Truncuskomponente (101) eine Truncusausklei- 
dung (122. 123) aufw ist, die eine nachgiebige 
Wand von im wesentlichen inertem. bioiogisch 



kompatiblem Material aufweist, wobei die Trun- 
cusauskleidung auf der internen Oberfiache der 
Truncuskomponente angebracht ist und die nach- 
giebige Wand eine DurchmessergroBe aufweist. 
die sich mit der Truncuskomponente aufweitet. 

10. StQtzendes endoluminales Implantat nach An- 
spruch 3, wobei die Ausklekiung der im allgemei- 
nen zylindrischen stQtzenden Schenkeltomponen- 
te (108, 115) eine nachgiebige Wand von im we- 
sentlichen inertem, bioiogisch kompatiblem Materi- 
al ist. und wobei die nachgiebige Wand auf minde- 
stens der internen Oberfiache des im allgemeinen 
zylindrischen rohrformigen stQtzenden Tells der 
Schenkelkomponente (108. 115) aufgebracht ist. 

11. StQtzendes endoluminales Implantat nach einem 
der vorhergehenden AnsprQche, wobei die im all- 
gemeinen zylindrische stutzende Schenkelkompo- 
nente (108, 115) teleskopartig gleittsar innerhalb ei- 
ner der Schenkelabschnitte (1 09, 1 1 8) der Tmncus-. 
komponente angeordnet ist. wenn sie eingesetzt 
wird. 

12. StQtzendes endoluminales Implantat nach An- 
spruch 6, wobei die Auskleidung der Schenkelkom- 
ponente (108, 115) eine nachgiebige Wand ist, die 
aus einem porosen Material hergestellt ist, das eine 
Struktur bereitstellt. die eine normale zellulare In- 
vasion dort hinein von dem KorpergefaB aus er- 
moglicht, wenn es darin implantiert ist. 

13. Stutzendes endoluminales Implantat nach An- 
spruch 12, wobei das porose Material mit einerdun- 
nen Schicht aus Silikongummi gedeckt ist. 

14. StQtzendes endoluminales Implantat nach irgend- 
einem der vorhergehenden AnsprQche, wobei die 
Im allgemeinen zylindrischen rohrformigen stOtzen- 
den Komponenten (108, 115) Drahtstrange ein- 
schlieBen, die als sich kreuzende, langgestreckte, 
mitelnander Integrate Langen gestaltet sind und 
Offnungen dazwischen definieren, um ein gefloch- 
tenes maschenfomniges rohrformiges stutzendes 
Tell zu bilden. 

15. Verzweigtes aufweitbares StQtzendes endolumina- 
les Implantat umfassend: eine aufweitbare stQtzen- 
de endoluminale Implantatskomponente, die indivi- 
duell an einer ausgewahlten Stelle innerhalb eines 
KorpergefaBes eingesetzt werden kann, wobei die 
slQtzende endoluminale Implantatskomponente ra- 
dial kompressibel und radial aufweitbar ist; dadurch 
gekennzeichnet, daB die aufweitbare stutzende en- 
doluminale Implantatskomponente eine Truncus- 
komponente (101) ist, die im allgemeinen rohrfor- 
mig Ist und die einen erst n Abschnitl (118) mit ei- 
nem vorgegebenen Durchmesser und einen zwet- 
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ten Abschnitt (119) einschlie3t, der eine longitudinal 
angeordnete Vertrefung (124) einschlleRt, die imall- 
gemeinen mindestens zwei Schenkelabschnitte 
(1 09 J 1 3) deflniert mit jeweils einem Durchmeseer, 
der gertnger als der vorgegebene Durchmesser 1st, s 
und wobei jeder der Schenkelabschnitte eine 
Schenkelotfhung (126, 127) aufweist. 

16. Stutzendes endoluminales Implantat nach irgend- 
eInem der Anspruche 1-15, wobel jede Truncus- io 
komponente eine Mehrzahl der Vertiefungen (124, 
125) aufweist, und jede Vertiefung eine iongitudina- 

le Interne Oberflache aufweist und die longitudina- 
len internen Oberflachen miteinander in EIngrrff ste- 
hen, umdadurchden Schenkelabschnitt (109, 113) is 
der im allgemeinen zylindrisch sein soil, zu deflnie- 
ren. 

17. Stutzendes endoluminales Implantat nach An- 
spruch 16, wobel die longitudinalen Internen Ober- so 
flachen longitudinate Rander sind, die aneinander 
befestigt sind. ■ 

IB. Stutzendes endoluminales Implantat nach An- 
spruch 1 5. wobei die Truncus komponente (101 ] ei- ss 
ne polymere porose Wiand (122) von im wesentli- 
chen inertem biologisch kompallblem Material auf- 
weist, die nachgiebige porose Wand auf minde- 
jstens der Internen Oberflache der rohrformig stut- 
zenden Komponente angebracht ist und die poly- 30 
mere Wand eine longitudinal angeordnete Falte 
aufweist, die entlang der Vertiefung (1 24) der Trun- 
cuskomponente liegl. 

19. Stutzendes endoluminales Implantat nach An- 35 
spruch 1 Oder Anspruch 1 5, wobel die Truncuskom- 
ponente (101) einen dritten Abschnitt (120) ein- 
schlieQt, der einen Durchmesser aufweist, der sich 
einem vorgegebenen Durchmesser des ersten Ab- 
schnittes (11B) nahert, und wobei der zweite Ab- 
schnitt (119) zwischen dem erslen Abschnitt und 
dem dritten Abschnitt angeordnet Ist. 

20. Stutzendes endoluminales Implantat nach An- 
spruch 19, wobei der erste Abschnitt (118) und der 
dritte Abschnitt (120) jeder Im allgemeinen zylin- 
drlsch ist. 

21. Stutzendes endoluminales Implantat nach An- 
spruch 1 2 Oder Anspruch 1 8, wobei das porose Ma- so 
terlal der nachgleblgen Wand ein elastomeres Po- 
lymer ist 

22. Stutzendes endoluminales Implantat nach irgend- 
iainem der Anspruche 12, 1 8 Oder 21, wobei das po- ss 
rose Material der stQtzenden Wand ein Polykarbo- 
naturethan let. 



23. StOtzendes endoluminales Implantat nach An- 
spruch 9 Oder Anspruch 18, wobei dielruncuswand 
eine innere Auskleidung (123) und eine Zwischen- 
auskleldung (122) zwischen der inneren Ausklei- 
dung und dem rohrformigen stQtzenden Tell ein- 
schlieQt. 

24. Stutzendes endoluminales Implantat nach irgend- 
einem der vorhergehenden Anspruche, wobei die 
Truncuskomponente eine Mehrzahl von Draht- 
strangen mit offenen Flachen dazwischen ein- 
schlieBt, um ein geflochtenes Netz zu bilden. 

25. StOtzendes endoluminales Implantat nach An- 
spruch 24, wobei die Drahtstrange eine Mehrzahl 
von Einzelstrangen einschlieQt, die bngltudinal be- 
nachbart zueinander und in Kontakt miteinander in 
einer geflochtenen sich kreuzenden Form sind. 

26. StOtzendes endoluminales Implantat nach irgend- 
einem der vorhergehenden AnsprOche, wobei das 
endoluminale Implantat einer Oberflachenbehand- 
lung mit einem nachgleblgen klebstoffartigen Poly- 
mer untenworfen wird. 

27. StOtzendes endoluminales Implantat nach An- 
spruch 26. wobei das nachgiebige klebstoffartige 
Polymer ein Polykarbonaturethan ist. 

28. Verfahren zur Herstellung einer verzweigten rohr- 
formigen StQtzenden Komponente fur ein endolumi- 
nales Implantat, umfassend: 

Bilden einer aufweitbaren rohrformigen stQtzenden 
endoluminalen Implantatskomponente, wobei die 
Komponente eine Truncuskomponente (101) Ist, 
gekennzelchnet durch Wellen mindestens eines 
longitudinalen Abschnitts (119) der rohrformigen 
StQtzenden Komponente der Form mindestens ei- 
ner longitudinal angeordneten Vertiefung (124) dar- 
in, um mindestens zwei Schenkelabschnitte (109, 
113) mit jeweils einem Durchmesser gerlnger als 
der Durchmesser der Truncuskomponente bereit> 
zustellen, und wobei jeder der Schenkelabschnitte 
eine Schenkeldffnung (126, 127) aufweist. 

29. Verfahren nach Anspruch 28. wobei eine longitudi- 
nal angeordnete Vertiefung (124) gebildet ist, um 
einen Doppellumenabschnitt (119) der rohrformi- 
gen StQtzenden Komponente bereitzustellen. 

30. Verfahren nach Anspruch 28, wobel zwei bngltudi- 
nal angeordnete Vertiefungen gebildet sind, um ei- 
nen Tripellumenabschnitt der rohrformigen stQtzen- 
den Komponente zu bilden. 

31. Verfahren nach Anspruch 28, wobei zwei bngltudi- 
nal angeordnet Vertiefungen (124, 125) gebild t 
sind, um einen Doppellumenabschnitt der rohrfor- 
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migen stQtzenden Komponente zu bilden. 

32. Verfahren nach Anspruch 28, wobei drei longitudi- 
nal angeordnete Vertlelungen geblldet sind, um ei- 
nen Quadrupellumenabschnitt der rohrformigen B 
stulzenden Komponente zu bilden. 

33. Verfahren nach irgendeinem der Anspruche 28-32, 
wobei die rohrlormige stOtzende Komponente ein 
zylindrisches geflochtenes Netzrohr aufweist, das io 
durch Flechten von Metallstrangen In ein zylindri- 
sches Teil hergestellt ist. 

34. Verfahren nach irgendeinem der AnsprQche 26-33. 
das weiterhin den Schritt des Anbringens einer ad- is 
hasiven Schicht auf der innenseiligen Oberflache 
der gewellten rohrformigen stQtzenden Komponen- 
te umfa3t. 

35. Verfahren nach Anspruch 34, das weiterhin den 
Schritt des EIntuhrens eines polymeren geschmei- 
digen Rohres innerhalb der gewellten rohrformigen 
StQtzenden Komponente im Eingriff mit der adhasi- 
ven Schicht umfaBt. 

36. Verfahren nach Anspruch 35, das weiterhin den 
Schritt des Anwendens von Druck aufweist, um das 
polymere nachgiebige Rohr auf der innenseitigen 
Oberflache der gewellten rohrformigen stQtzenden 
Komponente zu befestigen und eine Falte in dem 
polymeren nachglebigen Rohr zu bilden, die im all- 
gemeinen konform mit der Gestalt und GroBe der 
Vertiefung der gewellten rohrformigen slutzenden 
Komponente ist. 

37. Verfahren nach irgendeinem der AnsprQche 28-36, 
wobei der Schritt des Wellens mindeslens zwei 
Schenkelabschnitte (109, 113) definiert. wobei je- 
der Schenkelabschnitt eine Schenkeldffnung (126, 
127) definiert, die etnen geringeren internen Durch- 
messer als die rohrformige stutzende Komponente 
vor dem Wellschritt aufweist, und das weiterhin den 
Schritt des Bildcns einer im allgemeinen zylindri- 
schen StQtzenden Schenkelkomponente (108, 115) 
aufweist, die ein rohrformiges stutzendes Teil ein- 
schlieBt, das einen AuBendurchmesser aufweist, 
der gerlnger ist als der interne Durchmesser einer 
Schenkelkomponente (126, 127) der gewellten 
rohrformigen stQtzenden Komponente. 



Revendicatlona 



ment selection n6 ^ Tint^rleur d'un valssoau san- 
guin, chacun desdits composants de greffon de 
maintien endoiuminal 6tant compressible radiale- 
ment pour son insertion endoiuminal et expansible 
radialement pour son d^ploiement ^ un emplace- 
ment desire k l'int§rieur d'un vaisseau du corps ; 

caract6rls6 en ce qu'un desdits composants 
de maintien endotuminaux expansibles est un com- 
posant en tronc (101), ledit composant en tronc 
6tant gdndralementtubulaire et ayant une premiere 
portion (118) avec un diametre donn6 et une secon^ 
de portion (1 1 9) comprenanl un renfoncement (1 24) 
dispose longitudinalement d^finissant gdndrale- 
ment au moins deux portions de jambe (109, 113), 
chacune avec un diametre plus petit que ledit dia- 
metre donn6, et chacune desdites portions de jam- 
be ayant une ouverture de Jambe (126. 127) ; 



un autre au moins desdits composants de 

so maintien endolumlnaux expansibles est un 

composant de jambe de maintien g6n6rale- 
ment cylindrique (108, 115) ; et 
ledit composant de jambe de maintien g^n^ra- 
tement cylindrk^ue, lorsque (edit composant de 
ss jambe et ledit composant de tronc sont d6- 

ploy6s h rint6rieur du vaisseau du corps, est 
posltlonn^ a I'lnterieur de I'une desdites por- 
tions de jambe du composant en tronc. 

30 2. Greffon de maintien endoiuminal selon la revendi- 
cation 1 , dans lequel ledit composant de jambe de 
maintien g6n6ralement cylindrique (108, 115) com- 
prend une portion d'extremit^ qui, lorsque d6- 
ployee, est positionnee a I'lnterieur de ladite ouver- 
3S ture de jambe (1 26, 1 27) du composant en tronc. 

3. Greffon de maintien endoiuminal expansible, rami- 
fie et multicomposant selon ta revendication 1 . dans 
lequel ledit composant de jambe de maintien g6n6- 

40 ralement cylindrique ( 1 08, 1 1 5) comprend une por- 
tion d'extr^mitd qui. lorsque d^ploy^e. est position- 
nee de fagon t^lescopique a I'lnterieur de ladite 
ouverture de jambe (126, 127) du composant en 
tronc. 

45 

4. Greffon de maintien endoiuminal expansible, rami- 
f\6 et multicomposant selon la revendication 1, la 
revendication 2 ou la revendication 3, dans lequel 
ledit composant en tronc (101 ) comprend une plu- 

so ralite de tels renfoncements (1 24, 1 25), chaque ren- 
foncement ayant une surface interne longitudinale. 
dans lequel lesdites surfaces internes longitudina- 
les d^finissent lesdites portions de jambe (1 09, 11 3) 



1 . G retf on de maintien endoiuminal expansible ramlf id dudit composant en tronc. 

multicomposant comprenant : ss 

une plurality de composants de maintien en- 5. Greffon de maintien endoiuminal expansible, rami- 

doluminaux expansibles (101, 108, 115} qui sont l\6 t multicomposant selon I'une quelconque des 

capables de dSploiement Individu I k un emplac - revendications pr^c^dentes, dans lequel iesdites 
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portions do jambe (109, 113) sont adaptdes pour 
recevoir lesdits composants de jambe gdndrat - 
ment cylindriques (108, 115). 

6. Greffon de maintien endoluminal selon Tune quel- s 
conque des revendications pr^c^dentes, dans le- 
quel ladrte plurality de composants de maintien en- 
doluminaux expansibles est auto-expansible. 

7. Greffon de maintien endoluminal selon Tune quel- io 
conque des revendications 1^5, dans lequel ladite 
plurality de composants de maintien endoluminaux 
expansibles peut dtre ddployde par un disposltif ex- 
pansible radialement. 

IS 

8. Greffon de maintien endoluminal selon I'une quel- 
conque des revendications pr6c6dentes, dans le- 
quel ledrt composant de maintien g6neralement cy- 
lindrique (108, 115) comprend un 6l6ment de main- 
tien g^n^ralement cylindrique et une chemise g6- 
ndralement cylindrique qui est solidaris^e le long de 
celuhci. 

9. Greffon de maintien endoluminal selon I'une quel- 
conque des revendications pr^cddentes, dans le- 2S 
quel ledit composant en tronc (101) comprend une 
chemise de tronc (122, 123) qui comprend une pa- 
rol souple en un matdriau biocompatible essentlel- 
lement Inerte, ladite chemise de tronc 6tant atta- 
ch^e a la surface interne du composant en tronc, 30 
ladite parol souple ayant un diam^tre dont la dimen- 
sion se dilate avec ledit composant en tronc. 

10. Greffon de maintien endoluminal selon la revendi- 
catbn 8. dans lequel ladite chemise du composant 3$ 
de jambe de maintien g^n^ralement cylindrique 
(108, 115) est une paroi souple en un matSriau bio- 
compatible essentlellement inerte, ladite paroi sou- 
ple dtant appliquSe sur au moins la surface interne 

de r^i^menl de maintien tubulaire g^ndralement cy- 40 
lindrique du composant de jambe (108, 115). 

11. Greffon de maintien endoluminal selon i'une quel- 
conque des revendications pr6cddentes, dans le- 
quel ledit composant de jambe de maintien gene- 
ralement cylindrique (108, 115), lorsque d6ploy6, 
est positionn^ parcoulissement t^iescopique k I'in- 
tdrleur de I'une desdites portions de jambe (109, 
11 3) du composant en tronc. 

so 

12. Greffon de maintien endoluminal selon la revendi- 
catbn 8, dans lequel ladite chemise du composant 
de jambe (108, 115) est une paroi souple faite d'un 
mat6riau poreux qui realise une structure permet- 
tant k rint^rieur d'elle-meme la r6habitation cellulai- ss 
re normal e k partir du vaisseau de corps lorsque le 
greffon st imptanid dans I vaisseau. 



13. Greffon de maintien endoluminal selon la revendi- 
cation 12. dans lequel ledit mat^riau poreux est re- 
couvert d'une fine couche de caoutchouc au silico- 
ne. 

14. Greffon de maintien endoluminal selon I'une quel- 
conque des revendications prdc6dentes, dans le- 
quel lesdits composants de maintien tubulaires g6- 
n 6 ralement cylindriques (108, 115) comprennent 
des flis toronnds conform^s sous forme do lon- 
gueurs albng^es k intersections soiidalres les uns 
des autres et definissant entre eux des ouvertures 
pour former un ^I6ment de support tubulaire tress6 
en forme de nnailles. 

15. Greffon de maintien endoluminal expansible ramifid 
comprenant : 

un composant de greffon de maintien endolu- 
minal expansible qui peut dtre ddploy6 individuelle- 
ment en un emplacement s6lectionn6 k I'lnlerieur 
d'un vaisseau du corps, ledit composant de greffon 
de maintien endoluminal itant compressible radia- 
lement et expansible radialement ; 

caract6ris6 en ce que ledit composant de 
greffon de maintien endoluminal expansible est un 
composant en tronc (101) qui est g^n^ralement tu- 
bulaire et qui comprend une premiere portion (11 B) 
avec un diam^tre donn^ et une seconde portion 
(119) comportant un rentoncement (124) dispos6 
longitudinalement definissant generalement au 
moins deux portions de jambe (109, 113), chacune 
avec un diamdtre plus petit que ledit diamdtre don- 
n6. et chacune desdites portions de jambe ayant 
une ouverture de jambe (126, 127). 

16. Greffon de maintien endoluminal selon I'une quel- 
conque des revendications 1^15, dans lequel ledit 
composant en tronc comprend une plurality de tets 
renfoncements (124, 125), chaque rentoncement 
ayant une surface interne longitudinale, et lesdites 
surfaces intemes longitudlnales s'engageant I'une 
contre I'autre de fa9on k d^finlr que ladite portion 
de jambe (109, 113) soit g6n6ralement cylindrique. 

17. Greffon de maintien endoluminal selon la revendi- 
cation 16, dans lequel lesdites surfaces internes 
longitudlnales sont des arSles longitudlnales qui 
sont fixdes ensemble. 

18. Greffon de maintien endoluminal selon la revendi- 
catlon 15. dans lequel ledit composant en tronc 
(101] coniporte une paroi poreuse en polymers 
(122) en un mat^rlau d'inclusion essentlellement 
biocompatible, ladite paroi poreuse souple 6tant 
appliqu^e sur au moins ladite surface interne du 
composant de maintien tubulaire, et ladite paroi en 
potymdre ayant un pli dispose longitudinalement 
qui s'etend le long dudit renfoncement (124) du 
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composant en tronc. 

19. Qreffon de maintien endoluminal selon la revendi- 
cation 1 ou la revendicatlon 15, dans lequel ledrt 
composant en tronc (1 01 ) comprend une troisi^me 
portion (120) ayant un diamMre qui avoisine ledrt 
diamdtre donn6 do ia premi6re portion (118). et la- 
dite seconde portion (119) est positionn6e entre la- 
dite premiere portion et ladite trdsl^me portion. 

20. Greffon de maintien endoluminal selon la revendi- 
cation 19, dans lequel ladite premiere portion (118) 
8t ladite troisidme portion (120) sont chacune gd- 
n^ralement cylindriques. 

21. Greffon de maintien endoluminal selon la revendi- 
cation 12 ou la revendicatlon 18, dans lequel ledit 
mat6riau poreux de ladite paroi souple est un poly- 
mdre diastomdre. 

22. Greffon de maintien endoluminal selon Tune quel- 
conque des revendications 12, 18 ou 21, dans le- 
quel ledit mat^riau poreux de ladite paroi souple est 
un ur^lhane polycarbonate. 

23. Greffon de maintien endoluminal selon la revendi- 
catlon 9 ou la revendicatlon 18, dans lequel ladite 
paroi de tronc comprend une chemise int^rieure 
(123) et une chemise intemnddlaire (122) entre la- 
dite chemise intdrieure et ledit composant de main- 
tien tubulalre. 

24. Gretton de maintien endoluminal selon I'une quel- 
conque des revendications pric^dentes, dans le- 
quel ledit connposant en tronc comprend une plura- 
lity de flls toronnds avec des zones ouvertes entre 
eux pour former un tressage k nnaillesl 

25. Greffon de maintien endoluminal selon la revendi- 
catlon 24, dans lequel lesdits f ils toronn^s compren- 
nent une pluralite de torons individuals qui sont lon- 
gitudinalement adjacents et en contact les uns par 
rapport aux autres selon une configuration tress^e 
entrecroisde. 

26. Greffon de rnaintien endoluniinal selon Tune quel- 
conque des revendications prec^dentes, dans le- 
quel le greffon endoluminal est soumis k un traite- 
ment de surface avec un polymdre souple de type 
adhdsif. 

27. Greffon de maintien endoluminal selon la revendi- 
catlon 26, dans lequel le poiym^re souple de type 
de adhdsif est un urdthane polycarbonate. 

26. Proc^dd de fabrication d'un composant de maintien 
tubulalre ramlfid pour un greffon endoluminal, 
comprenant : 



Taction de former un composant de greffon de 
maintien endoluminal tubulalre- expansible, ledit 
composant dtant un composant en tronc (101), ca- 
racX6r\s6 par Taction de pitss r au moins une portion 

S longitudinale (119) dudit composant de maintien tu- 
bulalre pour former dans celle-cl au moins un ren- 
foncement (124) dispos6 longitudinalement pour 
constltuer au moins deux portions de jambe (109, 
113), chacune avec un diamdtre plus petit que le 

10 diam6tre du composant en tronc et chacune desdi- 
tes portions de jambe ayant une ouverture de jambe 
(126, 127). 

29. Proc6d6 selon la revendicatlon 28, dans lequel un 
IS renfoncement (124) dispose longitudinalemeni est 

. formd pour rdaliser une portion k double lumen 
(119) dudit composant de nnalntien tubulalre. 

30. Procdd6 selon ia revendicatlon 26. dans lequel 
20 deux renfoncements disposes longitudinalement 

sont form6s pour realiser une portion a triple lumen 
dudit composant de maintien tubulaire. 

31. Proc6d6 selon la revendicatlon 28. dans lequel 
^s deux renfoncements (1 24, 1 25) disposes longitudi- 
nalement sont fomn^s pour realiser une portion k 
double lumen dudit composant de maintien tubulai- 
re. 

30 32. Proc6d6 selon la revendicatlon 26, dans lequel trois 
renfoncements disposes bngitudinaiement sont 
formes pour realiser une portion k quatre lumen du- 
dit composant de maintien tubulalre. 

3S 33. Procddd selon I'une quelconque des revendications 
28 k 32, dans lequel ledit composant de maintien 
tubulaire comprend un tube cylindrtque k mailles 
tressdes qui est r^alisd par tressage de torons me- 
talllques pour former un 6\6menX cylindrique. 

40 

34. Procede selon I'une quelconque des revendications 
28 k 33, comprenant en outre I'etape d'attacher une 
couche adhesive a ta surface interieure du compo- 
sant de maintien tubulaire plissd. 

45 

35. Proc^dd selon la revendicatlon 34, comprenant en 
outre r^tape d'ins^rer un tube en polymdre souple 
k rint^rieur du composant de maintien tubulaire 
pliss^ en engagement avec ladite couche adhdsiye. 

so 

36. Proc666 selon la revendicatlon 35, comprenant en 
outre r^tape d'appliquer une pression pour fixer le 
tube en polymdre souple sur la surface interieure 
du composant de maintien tubulaire piissd et de for- 

S6 mer un pll dans le tube en polymdre souple qui se 
conforme g^n^ralement en forme et en taille au ren- 
foncement du composant de maintien tubulaire plls- 

86. 
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37. Pfoc666 sebn I'une quelconque des revendications 
28 ^ 36, dans lequel ladite 6tape de plissage d^finit 
au molns deux portions de jannbe (109, 113), cha- 
que portion de jambe dbfinissant une ouverture de 
jambe (126. 127) ayant un diamdtre intdrieur plus s 
petit que celui du composant de maintien tubulaire 
avant ladite 6tape de plissage ; et comprenant en 
outre r^tape de former un composant de jambe de 
maintien g^n^ralement cylindrique (108, 115), qui 
comporte un 6\6men\ support tubulaire ayant un io 
diam^tre externe qui est plus petit que le diam^tre 
Interne d'une ouverture de jambe (126, 127) du 
composant de maintien tubulaire plissd. 

IS 
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(54) nUe: EXPANDABLE SUPPORTIVE BRANCHED ENDOLUMINAL GRAFTS 
(57) Abstract 

An endoluRiinal graft which is both expandable and sup- 
portive is provided in a fonn suitable for use in a branched body 
vessel location. The graft expands between a first diameter and 
a second, larger diameter. Hie suppoit component is an expand- 
able stent endoprosthesis. A liner is applied to the endoprosthesis 
in the fonn of a compliant wall material that is porous and bio- 
compatible in order to allow normal cellular invasion upon im- 
plantation, without stenosis, when the expandable and supportive 
graft is at its second diameter. The supportive endoluminal graft 
is preferably provided as a plurality of components that are de- 
ployed separately at the branching body vessel location, one of 
which has a longitudinal indent defining leg portions within which 
the other components fit in a telescoping nuuiner. 
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EXPANDABLE SUPPORTIVE BRANCHED ENDOLUHINAL GRAFTS 

Description 

Croaa Raferenee to Ralatad ABplication 

This is a continuation-in-part of application 
Serial No. 140,245, filed October 21, 1993. 

BaOtground and Description of the T«v.>rn- 1 

This invention generally relates to supportive 
endoluminal grafts which have the ability to be delivered 
transluminally and expanded in place to provide a graft 
that is endoluninally positioned and placed, with the aid 
of an appropriate inserter or catheter, and that remains 
so placed in order to both repair a vessel defect and 
provide lasting support at the location of the graft. In 
its broadest sense, the graft preferably combines into a 
single structure both an expandable luminal prosthesis 
tubular support co]Q>onent and a compliant graft con^onent 
secured thereto. The expandable supportive endoluminal 
graft takes on a bifurcated or branched structure made up 
of components that are designed to be positioned in a 
bifurcated manner with respect to each other, preferably 
during deployment or repair and support of vessel 
locations at or near branching sites. Preferably, the 
graft consonant is compliant, stretohable or elastomer ic 
and does not substantially inhibit expansion of the 
tubular support coaqponent while simultaneously exhibiting 
porosity which facilitates normal cellular growth or 
invasion thereinto of tissue from the body passageway 
after implantation. 

Elastomerie vascular grafts are known to be made 
by various methods. Included are methods which 
incorporate electrostatic spinning techn logy such as that 
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described by Annis et al. in "An Elastomeric Vascular 
Prosthesis", Trans. Am. Soc. Artif. Intern. Organs, Vol. 
XXIV, pag s 209-214 (1978) and in U.S. Patent Ho, 
4,323,525. Other approaches include elution of 
5 particulate material from tubular sheeting, such as by 
incorporating salts, sugars, proteins, water-soluble 
. hydrogels, such as polyvinyl pyrrolidone, polyvinyl 
alcohol, and the like, within polymers and then eluting 
the particulate materials by immersion in water or other 

10 solvent, thereby forming pores within the polymer* 

Exemplary in this regard is U.S. Patent No* 4,459,252, 
incorporated by reference hereinto. Another approach 
involves the forming of pores in polymers by phase 
inversion techniques wherein a solventized polymer is 

15 immersed in another solvent and the polymer coagulates 
while the polymer solvent is removed. Also known are 
spinning techniques such as those described in U.S. Patent 
No. 4,475,972. By that approach, a polymer such as a 
polyur ethane in solution is extruded as fibers from a 

20 spinnerette onto a rotating mandrel. The spinnerette 
system reciprocates along a path which is generally 
parallel to the longitudinal axis of the mandrel and at a 
controlled pitch angle. The result is a non-woven 
structure where each fiber layer is bound to the 

25 underlying fiber layer. 

Also known are stent devices, which are placed 
or implanted within a blood vessel or other body cavity or 
vessel for treating occlusions, stenoses, aneurysms, 
disease, damage or the like within the vessel. These 

30 stents are implanted within the vascular system or other 
system or body vessel to reinforce collapsing, partially 
occluded, weakened, diseased, damaged or abnormally 
dilated sections of the vessel. At times, stents are used 
to treat disease at or near a branch, bifurcation and/or 

35 anastomosis. This runs the risk of compromising the 
degree of patency of the primary vessel and/ or its 
branches r bifurcation, which may occur as a r suit of 
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several problems such as displacing diseased tissue, 
V ssel spasm, dissection with or without intimal flaps, 
thrombosis and embolism. 

One common procedure for implanting a stent is 
5 to first open the region of the vessel with a balloon 
catheter and then place the stent in a position that 
bridges the diseased portion of the vessel. Various 
constructions and designs of stents are known. U.S. 
Patent No. 4,140,126 describes a technique for positioning 
10 an elongated cylindrical stent at a region of an aneurysm 
to avoid catastrophic failure of the blood vessel wall, 
the stent being a cylinder that expands to an implanted 
configuration after insertion with the aid of a catheter. 
Other such devices are illustrated in U.S. Patents No. 
15 4,787,899 and Ho. 5,104,399. U.S. Patents No. 4,503,569 
and No. 4,512,338 show spring stents which expand to an 
implanted configuration with a change in temperature. It 
is implanted in a coiled configuration and then heated in 
place to cause the material of the spring to expand. 
20 Spring-into-place stents are shown in U.S. Patent No. 

4,580,568. U.S. Patent No. 4,733,665 shows a number of 
stent configurations for implantation with the aid of a 
balloon catheter. U.S. Patent No. 5,019,090 shows a 
generally cylindrical stent formed from a wire that is 
25 bent into a series of tight turns and then spirally wound 
about a cylindrical mandrel to form the stent. When 
radially outwardly directed forces are applied to the 
stent, such as by the balloon of an angioplasty catheter, 
the sharp bends open up and the stent diameter enlarges. 
10 U.S. Patent No. 4,994,071 describes a bifurcating stent 
having a plurality of wire loops that are interconnected 
by an elongated wire backbone and/or by wire connections 
and half hitches. 

Stents themselves often do not encourage normal 
15 cellular invasion and can lead to undisciplined 

development of cells in the stent mesh, with rapid 
development of cellular hyperplasia. Crafts alone d not 
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provide ad quate support in certain instances. Copending 
application of Jean-Pierre Dereume, Serial No. 112,774, 
entitled "Luminal Graft Endoprostheses and Manufactur 
Thereof" describes grafts that have the ability to carry 
5 out dilatation and/or support functions. An expandable 
tubular support component and an elastoneric graft 
component are combined into a single device wherein the 
graft material is secured to either or both of the 
internal and external surfaces of the expandable support 

10 component. The graft material is produced by a spinning 
techniq[ue such as that described in U.S. Patent No. 
4,475,972. Also, luminal endoprostheses with an 
expandable coating on the surface of external walls of 
radially expandable tubular supports are proposed in U.S. 

15 Patents No. 4,739,762 and No. 4,776,337. In these two 
patents, the coating is made from thin elastic 
polyurethane, Teflon film or a film of an inert 
biocompatible material. A. Balko et al., "Transfemoral 
Placement of Intraluminal Polyurethane Prosthesis for 

20 Abdominal Aortic Aneurysm", Journal of Surgical Research, 
40, 305-309, 1986, and U.S. Patents No. 5,019,090 and 
No. 5,092,877 mention the possibility to coat stent 
materials with porous or textured surfaces for cellular 
ingrowth or with non-thrombogenic agents and/or drugs . 

25 The various patents and publications referred to 

hereinabove are incorporated hereinto by reference. 

By the present invention, grafts which are 
expandable and supportive are provided that expand from a 
first diameter to a second diameter which is greater than 

30 the first. When it is at its first diameter, the 
expandable supportive graft is of a size and shape 
suitable for insertion into the desired body passageway. 
The material of the graft is substantially inert and 
preferably has a generally cylindrical cover and/or lining 

35 generally over the outside and/or inside surface of the 
expandable supportive component. Preferably, the cover 
and/or lining is especially advantageous because it is 
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compliant or elastomeric and porous t encourage desirable 
growth of tissue thereinto in order to assist in non- 
rejecting securement into place and avoidance of stenosis 
developments The porous liner and/or cover material is 
5 compliant or elastomeric enough to allow for expansion by 
up to about 2 to 4 times or more of its unexpanded 
diameter. Components of the branched or bifurcated 
expandable supportive endoluminal graft preferably are 
deployable separately such that each component is properly 

10 positioned with respect to the other into the desired 

branched or bifurcated arrangement • One of the components 
has a portion which has at least one longitudinally 
disposed indent to generally define at least two leg 
portions for receiving one of the other components. 

15 It is a general object of the present invention 

to provide an improved branched endoluminal graft that is 
expandable in place and, once expanded, is self- 
supporting. 

Another object of this invention is to provide 
20 biocompatible grafts having a plurality of components that 
are separately expandable in vivo and that are supportive 
once so expanded. 

Another object of the present invention is to 
provide an improved expandable reinforced graft that is 
25 delivered by way of introducers, balloon catheters or 
similar devices, and which facilitates good tissue 
ingrowth. 

Another object of this invention is to provide 
an improved endoluminal graft which fully covers diseased 
30 or damaged areas for carrying out luminal repairs or 
treatments, such as repair of aneurysms. 

Another object of the present invention is to 
provide an improved endoluminal graft wherein the 
endoprosthesis is substantially enclosed within 
35 biocompatible compliant material which is presented to the 
surrounding tissue and blood or other body fluid. 
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Ajioth r object of this invention is to provide 
an expandable, supp rtive graft that can be tailored to 
me t a vari ty of needs, including a single graft designed 
to address more than a single objective. 
5 Another object of the present invention is to 

provide a self -expanding reinforced graft device that is 
delivered in its elongated and compressed state from 
within a tubular member and deployed by moving same out of 
the tubular member, which device is especially suitable 

10 for component deployment « 

Another object of this invention is to provide a 
bifurcated trunk component that is deployed in a collapsed 
state and expanded in vivo to a branched device for use in 
treatment and/or repair at branched vessel locations. 

15 A further object of the present invention is to 

provide a component branched endoluminal graft having a 
longitudinally creased trunk component and at least one 
cylindrical branch component, which components are 
expanded separately after endoluminal delivery and which 

20 form a bifurcated graft once positioned with respect to 
each other and expanded. 

Another object of this invention is to provide 
an improved method of forming a branched endoluminal graft 
incorporating a longitudinal creasing procedure. 

25 Another object of the present invention is to 

provide an improved method of assembling a branched 
endoluminal graft. 

These and other objects, features and advantages 
of this invention will be clearly understood through a 

30 consideration of the following detailed description* 

Brief Description of the Drawings 

The invention will be further elucidated in the 
following description with reference to the drawings, in 
35 which: 
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Fig. 1 is a perspective view, partially cut 
avayp of an expandable supportive endoluninal graft 
construction in accordance with the invention; 

Fig. 2 is a cross-sectional view along the line 
5 2-2 of Fig- l; 

Fig. 3 is a perspective view, partially cut 
away, of another embodiment of the expandable supportive 
endoluminal graft construction; 

Fig. 4 is a cross-sectional view along the line 
10 4-4 of Fig. 3; 

Fig. 5 is a perspective view, partially cut 
away, of a further embodiment of the expandable luminal 
graft construction; 

Fig. 6 is a cross-sectional view along the line 
15 6-6 of Fig. 5; 

Fig. 7 is a perspective view, partially cut 
away, of a bifurcated expandable supportive endoluminal 
graft construction; 

Fig. 8 is a cross -sectional view along the line 
20 8-8 of Fig. 7; 

Fig. 9 is a somewhat schematic view illustrating 
an early step in the implantation of a device such as 
shown in Fig. 7; 

Figs. 10, 11 and 12 are generally schematic 
25 views along the lines of Fig. 9 showing expansion of the 
main body and the branches of this bifurcated device; 

Fig. 13 shows this bifurcated supportive graft 
after completion of the expansion procedure; 

Fig. 14 illustrates another embodiment of a 
30 bifurcated expandable supportive endoluminal graft 
construction; 

Figs. 15, 16 and 17 illustrate implantation and 
assembly of the graft of Fig. 14; 

Figs. 18, 19, 20 and 21 illustrate a component 
35 branched graft and various stages of its separate, 

component deployment within a body vessel to repair an 
aneurysm. Figs. 18 and 19 showing deployment of a 
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preferred branched, longitudinally indented trunk 

c mpon nt, and Figs* 20 and 21 showing separate deployment 

of two branch components within the trunk component; 

Pig. 22 is a top plan view of a branching trunk 
5 component in accordance with the invention; 

Pig. 23 is a cross-sectional view along the line 
23-23 of Pig. 22; 

Pig. 24 is a side elevational view of the 
branching trunk component as illustrated in of Pigs. 22 
10 and 23; 

Fig. 25 is an end view of the structure as sho%m 
in Fig. 24; 

Fig. 26 is a perspective, generally exploded 
view of an example of a fixture suitable for forming the 
15 longitudinal crease in the trunk component according to 
the present invention; 

Fig. 27 is a longitudinal broken-away view of 
the fixture of Fig. 26 with a braided cylindrical tube 
positioned therein; 
20 Fig. 28 is a view generally in accordance with 

Fig. 27, showing formation of opposing crease indents in 
the braided cylindrical tube dtaring formation of the 
preferred trunk component; 

Pig. 29 is a top plan view showing assembly of 
25 supportive endoprosthesis leg components into a branching 
trunk component according to the invention; and 

Fig. 30 is an end view of the structure as shown 
in Fig. 29. 

30 P^scriPtion of the Particular Embodiments 

An embodiment of expandable supportive luminal 
graft construction is generally illustrated in Fig. i at 
21. This embodiment includes a braided tubular support 
component having generally helically wound rigid but 

35 flexible strand or wire elements, some of which have the 
same direction of winding but are axial ly displaced from 
one another, and others of which cross these windings and 
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are also axially displaced with respect t each other. 
The actual structure can be generally braided as 
illustrated in Wallsten U.S. Patent No. 4,655,771, 
incorporated by reference hereinto, or as found in self- 
5 expanding braided flat wire Wallstent* devices. Both a 
cover 23 and a liner 24 are illustrated in Figs. 1 and 2. 
Either cover 23 or liner 24 can be omitted if there is no 
desire to substantially encapsulate the tubular support 
component 22. 

^0 With more particular reference to the 

illustrated cover 23 and liner 24, when included, they may 
be formed by an electrostatic spinning process in this 
Illustrative embodiment. Details regarding electrostatic 
spinning techniques in general are found in Bomat U.S. 
15 Patent No. 4,323,525 and in Bornat European patent 

publication No. 9,941, as well as in the Annis et al. 
article discussed hereinabove, the disclosures of which 
are incorporated by reference hereinto. with further 
reference to the application of this technology to the 
20 expandable supportable luminal grafts of the present 
invention, random pattern filaments are formed and 
electrostatically directed toward a charged mandrel in 
order to form a random pattern of electrostatically 
generally cross-linked filaments which take on the 
25 configuration of a mat having a cylindrical shape. The 
filament diameters are particularly fine, as is the pore 
size of the mat so constructed. A typical range of 
filament diameters is between about 0.5 micron and about 5 
microns, and a typical pore size of the electrostatically 
spun fiber is between about 3 microns and about 20 
microns . 

Liner 24 is formed directly on the rotating 
mandrel by this electrostatic spinning procedure. 
Thereafter, one of the tubular support components 
discussed herein, such as the generally braided tubular 
support 22, is placed over the liner 24 still on the 
mandrel. In the case of the tubular support 22 in a form 
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35 
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that is not spring loaded, this includes longitudinally 
extending the tubular support 22, such as by pulling one 
or both of its ends, which thereby decreases its diameter 
so that it fits snugly over the liner 24. When the 
5 generally braided tubular support 22 is of a spring-into- 
place type, a hold-down member (such as shown in Figs. 18 
and 20) is used to prevent automatic radial expansion 
prior to deployment* When the expandable supportive graft 
21 is to Include a cover 23, the mandrel is again rotated, 

10 and the electrostatic spinning is again accomplished in 
order to form the cover 23 directly over the tubular 
support 22. This will also create some bonding between 
the thus formed cover 23 and the liner 24 at openings 
between the strands or wires of the woven tubular support 

15 22 or the like. This bonding can be facilitated by 
uniformly compressing the outer fibers with a soft 
silicone roller or sponge such that the still tacky outer 
fibers bond to the inner fibers thereby encapsulating the 
tubular support within the graft. 

20 Bonding may also be achieved in this or other 

embodiments by heat welding and/or by the use of adhesives 
such as hot melt adhesives, primers, coupling agents, 
silicone adhesives, and the like, and combinations of 
these. Examples include aliphatic polycarbonate urethane 

25 hot melts and silicone rubber adhesives. 

It is important to note that each of the cover 
23 and the liner 24, when either or both are present, is 
made of an elastomeric material which retains its 
compliant properties after construction of the expandable 

30 supportive graft 21 is completed. In this regard, the 
graft itself is also elastomeric and compliant. 
Accordingly, the graft 21 is delivered transluminal ly, 
such as by being pulled down onto the balloon of a 
catheter or into an inserter tube and then percutaneous ly 

35 inserted and positioned to the location where the repair 
is needed. Por a non-spring loaded graft, the balloon is 
then inflated to longitudinally shorten and radially 
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xpand the graft 21 into engagement with the vessel walls. 
Because of the compliance of the cov r 23 and/or liner 2A, 
and because of the ho p str ngth of the braided tubular 
support 22, the graft 21 will remain in place. In the 
5 illustrated embodiment, ends 25 of the tubular support are 
exposed and are not covered by the cover 23, This allows 
the exposed end portions 25 to directly engage the vessel 
wall, if desired in the particular application, in order 
to assist in anchoring the graft 21 in place. Liner 24 

10 also can be sized so as to not cover the exposed ends 25, 
or it can extend to or beyond the edge of the ends 25 when 
it is desired to avoid or minimize contact between the 
tubular support and the blood or other fluid flowing 
through the vessel being repaired or treated. 

15 Alternatively, when a braided tubular support 

such as that illustrated in Figs, l and 2 is incorporated 
into the graft according to the present invention in a 
non-*spring-loaded form, transluminal delivery can be made 
by way of a catheter or tool having means for 

20 longitudinally compressing the. endoprosthesis until it has 
expanded radially to the desired implanted diameter. Such 
equipment typically includes a member that engages one end 
of the endoprosthesis and another member which engages the 
other end of the endoprosthesis. Manipulation of 

25 proximally located controls then effects relative movement 
of the members toward each other in order to thereby 
longitudinally compress the endoprosthesis. Delivery 
tools for spring- loaded grafts include a sleeve that 
maintains the graft at its compressed diameter until the 

30 graft is positioned for deployment such as from the end of 
an insertion catheter to its auto-expanded state. 

With reference to the embodiment illustrated 
in Figs. 3 and 4, an expandable supportive graft is 
illustrated at 31. The illustrated tubular support 

35 component 32 is constructed of sinusoidally configured 
wire helically wound into a tubular shape. General 
structures of these types ar generally discussed in 
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PinchuJc U.S. Patent Mo. 5,019,090, incorporated by 
refer nee her into. A cover 33 can be positioned over the 
tubular support 32 and/or a liner 34 can be positioned 
along its lumen. In this illustrated embodinent, the 
5 cover 33 and liner 34 are constructed of porous polymers, 
the pores thereof having been made by elution or 
extraction of salts and the like, such as described in 
MacGregor U.S. Patent No. 4,459,252, incorporated by 
reference here into. Generally speaking, the porosity is 

10 determined by the size of the elutable particles as 
discussed herein and by the concentration of those 
particles as a percent by volume of a pre-elution mixture 
thereof with the polymer of the cover or liner. Wien a 
graft 31 having both a cover 33 and a liner 34 is 

15 prepared, a mandrel or rod is dipped into a liquid polymer 
having elutable particles as discussed herein dispersed 
therevithin. After dipping, the polymer covered rod is 
contacted with, such as by dipping or spraying, a solvent, 
for the elutable particles, such as water, thereby forming 

20 the eluted porous liner 34. Thereafter, the tubular 

support 32 is positioned thereover and pressed down into 
the liner. Then, the rod and the assembly thereon are 
again dipped into the mixture of polymer and elutable 
particles, followed by setting and contact with solvent to 

25 remove the elutable peurticles in order to form the eluted 
porous cover 33. It is also possible to directly extrude 
the particle-containing polymer into a tubular shape. 

Elutable particles which can be used in the 
making of the eluted porous cover 33 and liner 34 include 

30 salts such as sodium chloride crystals, sodium carbonate, 
calcium fluoride, magnesium sulfate and other water- 
soluble materials thait are readily dissolved by the 
utilization of water as an elution medium, other 
particles that are soluble in organic solvents and the 

35 like can be substituted as desired* Further particles 

include sugars, proteins, and water-soluble hydrogels such 
as polyvinyl pyrrolidone and polyvinyl alcohol. Suitable 
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polymer mat rials are as discussed elsewhere herein, the 
pore size being on the order of about lo microns to about 
80 microns. 

As with the other embodiments, when desired, 
5 ends 35 of the support component 32 can be exposed either 
on one or both of its cylindrical faces in accordance with 
the needs of the particular repair or treatment to be 
carried out. With this approach, the exposed ends 35 will 
assist in maintaining the graft 32 in place by mechanical 

10 engagement between the exposed ends 35 and the vessel 

being repaired or treated and/or by tissue ingrowth. The 
anchoring aspect of the exposed ends of the tubular 
support can be enhanced by continued radial expansion of 
the balloon or other deployment means which will permit 

15 the exposed ends to expand radially outwardly in an amount 
somewhat greater than that of the rest of the expandable 
supportive graft and into the surrounding tissue. It is 
also contemplated that mechanical means can be used to 
assist in joining the exposed ends of this embodiment or 

20 of other embodiments to the vessel wall. An illustrative 
example in this regard is the use of transluminally 
delivered staples which can take on the appearance of 
rivets. Especially advantageous are staples made of an 
elastomeric materials Illustrated staples are shown at 36 

25 in Fig. 3. They can be incorporated at other locations as 
well along the graft. One or more windows 37 can be 
formed through the cover and/or liner and/or tubular 
support in order to feed outside branch arteries or other 
vessels. 

Figs. 5 and 6 illustrate a further embodiment of 
an expandable supported graft, generally designated as 41. 
Shown is a mesh tubular support component, generally 
designated as 42, such as those of the type illustrated in 
Palmaz U.S. Patent No. 4,733,665, incorporated by 
35. reference hereinto. These are non-woven mesh-type 

cylinders or slotted tubes wherein most or all of the 
individual components are either integrally joined 
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together such as by welding or are integrally formed from 
a single tube. The resulting ndoprostheses are malleable 
enough so as to be expandable by a balloon of a cath ter. 
Usually, these endoprostheses have particularly high hoop 
5 strengths . 

Cover 43 and/or liner 44 are made of polymers 
rendered porous by phase inversion techniques. In 
accordance vith these techniques ^ a polymer such as a 
polyurcthane is dissolved in a solvent therefor, for 

10 example a water-soluble polar solvent, such as dimethyl 

acetamide, tetrahydrofuran and the like, in order to form 
what is known as a lacquer. A mandrel or rod is dipped 
into the lacquer. Thereafter, the dipped rod is contacted 
with an inversion solvent, such as by dipping in water or 

15 a mixture of alcohol and water. This inversion solvent 
must readily dissolve the polymer solvent of the lacquer, 
while at the same time being a poor solvent for the 
polymer. Under these conditions, the polymer coagulates 
and the polymer solvent of the lacquer is removed and 

20 replaced with the inversion solvent. The inversion 

solvent pulls the polymer solvent out of the polymer on 
the rod and forms particularly fine pores having a pore 
size on the order of about 0.5 micron to about 20 microns. 
The thus formed liner 44 having phase inversion pores is 

25 then dried. 

Next, the tubular support cox^>onent 42 is 
secured over the liner 44 and is preferably radially 
compressed onto and into the liner. Thereafter, the cover 
43 having phase inversion pores is formed in accordance 

30 with the same phase, inversion steps as discussed 

hereinabove for preparation of the liner 44. if desired, 
either the liner or the cover can be omitted. Cover 43 
and liner 44 are thus formed in accordance with a 
displacing step wherein precipitating non-solvent 

35 molecules are substituted for non-precipitating solvent 

molecules dispersed throughout the lacquer coating. This 
procedur devel ps advantageous lastic characteristics. 
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Furth r details regarding the phase inversion procec 
are f und in Lynann et al. U.S. Patent No. 4,173,68? 
incorporated by reference hereinto. 

Figs. 7 and 8 illustrate an embodiment wh« 
5 the graft takes the form of a bifurcated expandable 
supportive graft, generally designated at 51. Incli 
a joined-ring bifurcated tubular support 52. Also f 
are a bifurcated cover 53, a bifurcated lining 54 at 
exposed ends 55, 56, 57. This particular bifurcatir 
10 graft is well-suited for insertion into a branching 
vessel . 

The tubular support includes a plurality c 
rings or loops 58 connected by flexible interconnect 
59. Constructional details of embodiments of the ri 

15 loops 58 and of the flexible interconnections 59 are 
in MacGregor U.S. Patent No. 4,994,071, incorporatec 
reference hereinto. The flexible interconnections ! 
the rings or loops 58 into a configuration having a 
body or trunk 61 and one or more branches 62. Flexi 

20 interconnections 59 extend longitudinally from the s 
each of the main body or trunk 61 and branch 62, 63. 
least one such flexible interconnection joins each k 
to the trunk. The loops 58 in the main body are 
substantially parallel to each other, and the loops 5f 

25 each branch 62, 63 are substantially parallel to each 
other. 

The bifurcated cover 53 and bifurcated lir 
must each, when provided, be especially elastomer ic 
to follow the expansion and contraction of the rings 

30 loops 58 that takes place during preparation, transl 
insertion, deployment and the like. Cover 53 and li 
will also take on a bifurcated construction, in one 
SBbodiment, the liner and/or cover for each of the t 
61 and branch 62, 63 are made on a cylindrical mandr 

35 assembled and joined, such as by suitable biocompati 
adhesive, fusion, sewing, suturing or other means of 
joining and/or sealing. Alternatively, a Y-shaped o 



wo 97/17913 



-16- 



PCTAJS9d/l7487 



branch d mandrel can be used. The bifurcating liner is 
tb n formed ther on by processes such as those discussed 
herein, including electr static spinning, or dipping 
f 11 wed by elution or phase inversion procedures much in 
5 the same manner as described herein when straight 

cylindrical mandrels or rods are used for constructing the 
non-bifurcated grafts in accordance with this invention. 
Fiber winding can also be practiced. Bifurcated cover 53 
is made in a similar manner by application of the porous 

10 cover material over the bifiircated endoprosthesis. 

With reference to the bifurcated endoprosthesis, 
the bifurcated cover 53 and/or bifurcated liner 54 could 
be made by fiber winding approaches, such as those 
described in Wong U.S. Patent No. 4,475,972, the subject 

15 matter thereof being incorporated by reference hereinto. 
Polymer in solution is extruded into fibers from a 
spinnerette onto a rotating mandrel. The spinnerette is 
reciprocated along the longitudinal axis of the mandrel at 
a controlled pitch angle, resulting in a non-woven 

20 cylinder wherein each fiber layer is bound to the 

underlying layer. Control of the pitch angle allows for 
control of the compliance and kink resistance of the cover 
and/or liner. In an especially advantageous arrangement 
when using these fiber spinning techniques in forming an 

25 expandable supportive graft in accordance with the general 
aspects of this invention which has both a liner and a 
cover, the cover is physically bonded to the liner by the 
use of an electrostatic field to enable penetration of the 
cover overlay of fibers through the interstices of the 

30 support components in order to improve the bonding of the 
cover and/ or liner fibers to each other and/ or to surfaces 
of the support component. 

With more particular reference to balloon 
deployment of expandable supportive grafts, this is 

35 illustrated with some particularity in connection with 

bifurcated endoluminal grafts in Figs. 9, lo, ii, 12 and 
13. As shown in Fig. 9, two guidewires 64, 65 are 
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inserted into the bifurcating vessel, each of them into 
different legs 66, 67 of the bifurcating vessel. 
Thereafter, th un xpanded bifurcated expandable 
supportive graft 51 is slipped over th proximal ends of 
5 the guidewires and routed to the branches of the blood 

vessel. The unexpended bifurcated graft can be introduced 
from an arteriotoay proxiaal to the bifurcation such as 
froa the brachial artery in the am, or the unexpanded 
bifurcated graft can be introduced from the feaoral artery 
10 in the leg, pushed proximally past the bifurcation and 
then pulled back distally into both iliacs to form the 
trunX and bifurcation. 

The two branches 62, 63 of the graft 51 are 
routed separately over the guidewires 64, 65, 
15 respectively, and guided, typically with the help of a 
guide catheter, into the patient until the graft is 
positioned as shown in Fig. 9. The graft 51 is initially 
fixed in place as follows, one of the guidewires 65 is 
removed, and a balloon catheter €8 is inserted into the 
20 main body or trunk 61 and inflated to expand the trunk 61 
into contact with the vessel walls. This deployment is 
suitable to secure the graft 51 in place at that location 
of the vessel. 

The balloon of balloon catheter 68 is then 
15 deflated, if this balloon catheter is also suitable for 

use in expanding the branches 62, 63 of the graft 51, same 
is then inserted into an unexpanded branch 62 and radially 
expanded as generally shown in Fig. ii. if the balloon of 
catheter 68 is not suitable in this regard, then another 
10 balloon catheter 69 effects this function. Fig. 12 shows 
inflation of the other branch 63 of the graft 51 in a 
similar manner. Fig. 13 illustrates the fully deployed 
and expanded bifurcated support graft 51 positioned in 
place within the bifurcated location. Alternatively, a 
15 bifurcated dilation balloon on a bifurcated catheter (not 
shown) can replace the single-balloon catheter (s) 68, 69. 
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Preferably the branched and assembled expandable 
supp rtive graft is f the spring- into-place type; as 
such, it will be manipulat d to be reduced in diameter and 
plac d within an ov rlying and bifurcated restraining 
5 guiding catheter or the like and will be passed over 

guidevires and contained within the guiding catheter until 
proper placement within the bifurcating location. This 
type of bifurcated expandable supportive graft is deployed 
by being ejected into place, typically by advancing a 

10 small inner catheter through the guiding catheter into 

contact with the bifurcating graft in accordance with the 
procedure generally used for spring-into-place stents. 

The deployment procedures illustrated in Figs. 9 
through 13 can be characterized as prograde deployment. 

15 Retrograde deployment is also possible. The entire 

bifurcating graft for retrograde deployment is advanced 
over a single guidewire through one branch of the blood 
vessel past the point of bifurcation. A second guidewire 
is then steered down the opposite limb of the graft, and a 

20 snare is used. The snare, which is passed retrograde 
through the opposite vessel, is then used to pull the 
guidewire into place. Partial balloon inflation in the 
unbranched or trunk portion of the blood vessel is then 
used to draw the graft down into position prior to balloon 

25 dilatation of both the trunk and branched portions of the 
graft. Because blood flow is prograde under these 
circiuastances, the contact between the bifurcation of the 
graft and the bifurcation of the blood vessel helps to 
prevent the graft from migrating distally, thus reducing 

30 the need for active fixation of the graft to the blood 
vessel. 

Another bifurcated endoprosthesis or expandable 
supportive graft is generally designated 81 in Fig. 14. 
Separate components are included, m this case tubular 
35 supporting component (s) are, prior to deployment, separate 
from a trunk component, in this embodiment, a fully 
independent tubular supporting component 82 is located at 
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th trunk position of the graft 81. A bifurcated 
stretchable wall 83 is in contact with the independent 
tubular supporting conponent 82 as either or both of a 
cover or liner. In addition to b ing substantially 
5 coextensive with the independent tubular supporting 
coB^onent 82 at a trunk portion 84 thereof, the 
stretdiable wall 83 includes at least two generally 
tubular stretchable branch sleeves 85, 86 which are 
initially devoid of a supporting conponent. Separate 
10 tubular supporting conponents 87, 88 (Pigs. 16 and 17) are 
also included. 

Implantation of this bifurcated expandable 
supportive graft is depicted in Figs. 14, 15, 16 and 17. 
Dual guidewires $4, 65 can be used to properly position 
15 the unexpended bifurcated graft 81 within the bifurcating 
vessel as shown in Fig. 14. A balloon catheter 68 or 
siailarly functioning device is inserted into the sain 
body of the device so as to expand the independent tubular 
supporting conponent 82 and the trunk portion 84 of the 
20 bifurcated stretchable wall 83. This deployment initially 
secures the bifurcated supporting graft into place at that 
location of the vessel, as shown in Fig. 15. The balloon 
catheter is then deflated and removed or positioned for 
use in the next step. 
25 A suitable balloon catheter 69 or the like is 

next used to deploy and expand in place a branch tubular 
expandable supporting component 89, as illustrated in Fig. 
16. A similar step deploys and expands in place another 
branch tubular expandable supporting component 90, as 
30 generally shown in Pig. 17. The bifurcated stretchable 
wall 83 and the expandable supporting components may be 
made with the materials and constructions discussed herein 
and may be subjected to various treatments as discussed. 

A further bifurcated endoprosthesis or 
expandable supportive graft is one in which the separate 
conponents are each escpandable supportive graft members. 
These separate components are illustrated in Pig. is 



35 
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through Fig. 21, which also illustrate their separate 
deployment with respect t ach other within an aortic 
trunk. Sam is shown in connection with tr ating an 
aneurysm such as an abdominal aorto-iliac aneurysm. The 
5 device includes a trunk component 101 which, in the 
illustrated use, is designed to extend from below the 
renal arteries to a location between the proximal neck of 
the aneurysm and the aorto-iliac bifurcation. It will be 
understood that this trunk component could also be shorter 

10 so that it terminates just below the proximal neck of the 
aneurysm, for example of a length which terminates within 
the dent or crease 124. In addition, the component 
bifurcated expandable supportive graft of this embodiment 
is self -expanding and is deployed by means an introducer 

15 containing compressed expandable supportive graft 
components. 

More particularly, and with reference firstly to 
Fig. 18, a guidewire 102 is first inserted in accordance 
with known procedures so as to traverse the aneurysm 103. 

20 Next, an introducer, generally designed as 104 having the 
trunk component therewithin in a radially compressed state 
is inserted over the guidewire 102« The introducer is 
maneuvered such that it is properly positioned as desired, 
in this case at a location distal of the distal end of the 

2 5 aneurysm. Then, the sheath 105 of the introducer is 

withdrawn, such as by sliding it in a proximal direction 
while the remainder of the introducer 104 remains in 
place. As the sheath is withdrawn, the trunk 101 expands, 
eventually achieving the deployed or implanted position 

30 shown in Fig. 19. At this stage, the distal portion 106 
of the trunk is well anchored into the blood vessel wall 
and is suitably deployed. 

Fig. 20 shows an introducer, generally 
designated as 107, having an independent tubular 

35 expandable supportive graft leg component 108 (Fig. 21) 
radially compressed therewithin. In this illustrated 
embodiment, this leg component is an iliac component of 



wo 97/17913 



21- 



^CT/US96/I7487 



th bifurcated supportive graft being assembled within the 
body vessel. The introducer 107 is advanced until this 
iliac component is mov d into a leg 109 of the already 
deployed trunk c mponent loi. This positioning is 
5 illustrated in Fig. 21. It will be noted that the iliac 
tubular supportive graft component 108 extends from well 
within the leg 109 to a location proximal of the aneurysm 
in the iliac artery 110. 

In a previous step, a guidevire had been passed 
10 through the appropriate vessel to iliac artery 112 until 
it crossed the aneurysm 103, while passing through the 
other leg 113 of the deployed trunk component loi. When 
the introducer for the previously radially compressed 
iliac component 115 had been removed, the component lis 
15 had expanded radially and was deployed. Thus, the 

entirety of the bifurcated endoprosthesis or expandable 
supportive graft in accordance with this embodiment is 
fully deployed and assembled together as shown in Fig. 21, 
as well as generally depicted in Figs. 29 and 30. 
20 It will be noted that it is not required to 

actually attach the trunk component 101 and the tubular 
components 108, 115 together. In other words, these 
coa^nents are generally telescopically positioned with 
respect to each other. This telescopic feature allows 
25 some slippage between the trunk component and the tubular 
leg components, thereby providing a telescopic joint which 
functions as a slip bearing, it will be appreciated that 
it is generally desirable to firmly anchor portions of the 
bifurcated endoprosthesis within healthy vessel wall 
JO tissue. This can be achieved by the hoop strength of the 
supportive graft or by taking measures to enhance hoop 
strength at its ends, or by providing grasping structures 
such as hooks, barbs, flared ends and the like. During 
pulsetile blood flow and possibly during exercise by the 
iS person within which the endoprosthesis is implanted, 
tension and elongation forces are imparted to the 
endoprosthesis. In structures that do not have a 
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telescopic joint or some other means to reli ve the stress 
developed by this tension, a considerable am unt of stress 
can be placed on the anchoring sites and/ or the attachment 
components, potentially allowing for dislodgement at the 
5 anchoring sites or breakage of attachment components. 

Figs. 22, 23, 24 and 25 further illustrate a 
trunk component 101. It includes a common trunk portion 

118 and a branched portion, generally designated as 119. 
The branched portion includes the legs 109 and 113. In 

10 this embodiment, a further common trunk portion 120 is 
located opposite the other common trunk portion 118 and 
extending from the branched portion 119. Thus, the 
overall configuration of the trunk component is that of a 
double-lumen length located between two single-lumen 

15 lengths » The common trunk portion lis can be positioned, 
for example, in the aortic artery, the branched portion 

119 provides a bifurcation structure to direct blood flow 
into the two iliac arteries, and the further common trunk 
portion 120 facilitates deployment of the leg components 

20 into the branched portion 119, acting in the nature of a 
funnel for each guidewire, introducer and contracted leg 
component. 

Trunk component 10 l includes a stent or tubular 
supporting component 121. Also included is a liner, 

25 generally designated as 122. A further liner 123 

preferably is located interiorly of the liner 122. Liners 
122, 123 are secured within the stent component 121 in 
order to provide proper porosity for an endoprosthesis. 
Trunk component 101 includes one or more 

30 indents, such as indent 124 and indent 125. A third, a 

fourth, or further indents can be provided depending upon 
the degree of branching desired. It will be appreciated 
that one or more tubular expandable supportive leg graft 
components will be provided in order to slide into the 

35 branched passageways which are thus defined by the 

indent (s). In the illustrated embodiment, one such leg 
component 108 slidingly engages an opening 126 of the 
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trunk component leg 109, while a second leg component 115 
slidingly and expansively fits within opening 127 of the 
leg component 115. 

1?he prosthesis as discussed is deployed to 
5 replace or repair tubular bodies such as blood vessels, 
tracheas, ureters and the like, accommodating more than 
one conduit in order to divert flow to other branches of 
the tubular body. This allows for repair of a bifurcated 
area which is difficult to repair using a single-lumen 
10 device or a plurality of individual single- lumen devices. 

It is suitable for repair of damages branched conduits or, 
conversely, to repair conduits which converge into a 
single branch. 

A preferred use for the bifurcating endoltiminal 
15 grafts discussed herein is for insertion into a branching 
blood vessel. Same is typically suitable for use in the 
coronary vasculature (the right, left common, left 
anterior descending, and circumflex coronary arteries and 
their branches) and the peripheral vasculature (branches 
20 of the carotid, aorta, femoral, popliteal arteries and the 
like) . These bifurcated devices are also suitable for 
implantation into other branching vessels such as in the 
gastrointestinal system, the tracheobronchial tree, the 
biliary system, and the genitourinary system. 
^5 It will be appreciated that the expandable 

supportive grafts in accordance with the present Invention 
will dilate and/or support blood vessel lesions and other 
defects or diseased areas, including at or in proximity to 
sites of vascular bifurcations, branches and/or 
10 anastomoses. The expandable supportive graft is an 
integral structure that incorporates the expandable 
support component into the wall or walls of the 
elastomeric graft. Covers and/or linings that make up the 
grafts Interface with body components that facilitate 
15 normal cellular invasion without stenosis or recurrent 
stenosis when the graft is in its expanded, supportive 
orientati n. The graft material is inert and 
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biocompatible. The xpandable supportive graft can b 
expanded from a smaller diameter insertion configuration 
to a larger diameter io^lantation configuration by the 
application of radially outwardly directed forces provided 
5 by expanding the endoprosthesis with a balloon catheter, 
using an ejection tube that allows a spring- into-p lace 
structure to be deployed from the end of a catheter into 
its expanded configuration, or by using a support 
component made of certain alloys exhibiting 
10 thermotransition characteristics by which they expand when 
heated, for example. 

In addition to the support component structures 
illustrated herein, support structures include others 
having spring characteristics and those having a coil with 
15 circumferentially oriented fingers such as shown in 
Gianturco U.S. Patent No. 4,800,882, incorporated by 
reference hereinto. U.S. Patents Ho. 5,061,275, 
No. 5,219,355 and No. 5,336,500 relate to expanding or 
self -expanding endo luminal devices. Typically, these 
20 devices center on the use of a metallic structure 
imparting expansion attributes. U.S. Patents 
No. 4,994,071 and No. 5,360,443 describe bifurcated 
devices which use expandable metallic stent structures and 
textile materials allowing branching of fluid flow, in 
25 general, materials of these patents, incorporated by 
reference hereinto, can be utilized in constructing 
components of the present invention. 

More specifically, the tubular supportive 
component preferably is a braided tubular stent body made 
30 of metal alloy or any other material that is flexible, 
while being rigid and resilient when thus braided. 
Spring-type metals are typically preferred, such as 
stainless steel, titanium, stainless steel alloys, cobalt- 
chromium alloys, including alloys such as Elgiloy, Phynox 
35 and Conichrome. Thermal transition or memory function 
alloys such as nickel-titanium alloys including Nitinol 
are also suitable. Malleable metals including tantalum 
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would be especially suitable for a structure that is not 
s If -expanding. 

Concerning the materials f r the liner (s), they 
are typically polymeric materials in the form of a 
5 membrane or textile-like material, the objective being to 
reduce the porosity of the stent for proper tissue 
ingroi^ and fluid tightness. Exemplary polymeric 
materials include polyesters such as polyethylene 
terephthalate, polyolefins such as polypropylene, or 
10 elastomer ic materials such as polyurethane or silicone 
rubber. Combinations of these materials are also 
possible. In an especially preferred arrangement, the 
liner 122 which engages the tubular supportive component 
121 is made of a double tricot polyester mesh knit, 
15 typically a Dacron type of material, while the interior 

liner is made of a polyurethane such as Corethane* polymer 
polycarbonate urethane of Corvita Corporation, in an 
especially preferred arrangement, a thin coating or cover 
of polymer is provided over the braided wires of the 
20 tubular supportive component. A preferred polymer in this 
regard is a polycarbonate urethane. 

In addition, various surface treatments can be 
applied to render the surfaces of the expandable supported 
graft more biocompatible. Included are the use of 
25 pyrolytic carbon, hydrogels and the like. The surface 
treatments can also provide for the elution or 
immobilisation of drugs such as heparin, antiplatelet 
agents, antiplatelet-derived growth factors, antibiotics, 
steroids, and the like. Additionally, the coating and/or 
30 liner can be loaded with drugs such as those discussed 

herein, as well as lytic agents in order to provide local 
drug therapy. 

It will be noted that the indent (s) such as 
indents 124, 125 are longitudinally disposed and generally 
35 define at least two leg portions, each with a diameter 

less than the diameter of the main body. Each indent has 
an internal longitudinal surface such as longitudinal edge 
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128, 129. These edges can b in contact with one another. 
If desired, they can be seciired tog ther such as with 
sutures, adhesiv s, wires, clips or the like (not sh vn) . 
One or two such indents or creases produce an asymmetrical 
5 or a symmetrical bifurcation as desired. In another 

exemplary approach, three indents would form a trifurcated 
device. Additional creases can be provided insofar as is 
allowable by the braided wire mesh density and diameter. 

miatever the number of indents, the deformation 

10 of the braided tubular body reduces the cross-sectional 
area from that of the main trunk body to that of each 
branched area. The total cross-sectional area of the 
branching tubular bodies should be equal to or greater 
than 40% of the cross-sectional area of the main trunk 

15 body. Preferably, this area should be greater than about 
70t in order to prevent any significant pressure 
differences along the device once deployed and implanted. 
For example, in a typical human, the cross-sectional area 
of the abdominal aorta is reduced by only about 20% when 

20 opening into the common iliac arteries. 

Fig. 26 illustrates a fixture suitable for use 
in forming the indent or indents as permanent deformations 
of the braided mesh cylinder which is the tubular 
sxipportive component. Fixture 131 in the configuration as 

25 illustrated is used for shaping a symmetrical bifurcated 

design. The braided cylinder is longitudinally compressed 
and placed over the mandrel 132, this placement being 
generally sho%m in Fig. 27. End caps 133, 134 lock the 
tubular supportive component 121 in its compressed state. 

30 Same is then placed into the fixture 131, as generally 
shown in Fig. 26. Slits 135 are positioned parallel to 
the longitudinal axis and on opposite sides. This permits 
the slipping of blades 136, 137 into the fixture 131 and 
thus into engagement with the tubular supportive 

35 component. Edges 138, 139 of the blades then engage and 
crease the tubular supportive cos^onent 121 between the 
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blade edges 138, 139 and the troughs 141, 142 of th 
mandr 1 132. 

Xt will b appreciated that the 1 ngth f th 
blad edg s 138, 139 can be varied in order to create a 
5 desired length of deformation on the main body of the 

trunk component. In addition, branching areas thus formed 
can be made of different sizes by varying the size of the 
individual cylindrical components of the mandrel 132 so 
they are not identical as shown in Pig. 26. A larger 

10 sized mandrel cylinder will result in the formation of a 

larger trunk component leg 109, 113. This would typically 
also include shifting the location of the slits 135 so 
that the plane of blade insertion will line up with the 
troughs. It will be appreciated that the trifurcated 

15 arrangement is achieved by a three-component mandrel and 
three slits and blades that are 120* apart. Similarly, a 
four-branched stracture would include four of each 
features, spaced 90^ apart. 

In a preferred arrangement, the thus deformed 

20 braided tubular supportive component is chemically and 
heat processed in order to set the desired diameter and 
mech«mical properties of the main body, once this 
flexible metallic stent with conformed shape is thus 
prepared, it is preferably lined as discussed elsewhere 

25 herein. It will be noted that the illustrated tubular 
braided mesh has a main cross -sectional area and has an 
outward flair at both ends. The braided structure is 
advantageously accommodated by the serrated structure of 
the blade edges 138, 139 in that the wire elements of the 

30 braid are grasped and secured at the ends of the 
bifurcation. 

fixample T 

This example illustrates the formation of a 
35 branched expandable supportive endoluninal graft having an 
expanded internal diameter of lo mm and which is 
bifurcated to accommodate two endoluminal supportive graft 
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legs f 5 to 7 Bua in diameter. A liner of non-voven 
polycarbonate urethane (Corethane ) was spun by winding 

ver a mandrel, generally in accordance with U.S. Patent 
No. 4,475,972. In this instance, the liner consisted of 
5 approximately 400 layers of fibers. A bifurcated braided 
mesh tubular supportive component made in a fixture as 
illustrated in Fig. 26 was spray coated using a dilute 
solution of polycarbonate xirethane having a hardness grade 
and a melting point lower than that used to spin the 

10 liner. It was allowed to dry with warm air. Several 

spray coats allow for the formation of an adhesive layer. 

The previously prepared polycarbonate urethane 
liner was cut to length and placed inside the adhesive- 
coated bifurcated braided mesh and seated to closely fit 

15 the bifiurcated braided mesh. A mandrel having a shape 

similar to the inner configuration of the bifurcated mesh 
was inserted from one end to act as a support. Shrink 
tubing was slipped over portions of this assembly. This 
assembly was heated to the melting point of the 

20 polycarbonate urethane adhesive while allowing the shrink 
tubing to heat shrink and compress the braided mesh 
against the liner which is supported by the shaped 
mandrel. After cooling, the shrink tubing was removed and 
the mandrel slipped out, leaving a completed trunk 

25 component as described herein. 

The two endoluminal tubular expandable 
supportive graft leg components are prepared in accordance 
with a similar procedure which is simpler because of the 
cylindrical shape of these components. 

30 

Example II 

The procedure of Example I is substantially 
repeated, except the liner is a double tricot polyester 
mesh net. In a similar arrangement, a trunk component of 
35 the same structure was formed, except prior to Insertion 
of, the supporting mandrel, a second, innermost liner of 
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polycarbonate urethane is positioned in order to pr vide a 
double-lined branched component. 

Example TTT 

The procedures of Example I and of Example II 
are generally followed^ except here the expanded inner 
diaaeter of the trunk component is 25 mm, and the 
cylindrical leg endoluninal grafts are 12-15 mm in 
diameter. 

It will be understood that the embodiments of 
the present invention which have been described are 
illustrative of some of the applications of the principles 
of the present invention. Various modifications may be 
made by those skilled in the art without departing from 
the true spirit and scope of the invention. 
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1. A multiple-component branching expandable supportive 
endoluminal graft comprising: 

a plurality of expandable supportive endoluminal 
components which are deployed individually at a 
5 selected location within a body vessel, each said 

supportive endoluminal graft component being radially 
compressible for endoluminal insertion and radially 
expandable for deployment at a desired location 
within a body vessel; 

10 one of said expandable supportive endoluminal 

components is a trunk component, said trunk component 
being generally tubular and having a first portion 
with a given diameter and a second portion including 
a longitudinally disposed indent generally defining 

15 at least two leg portions, each with a diameter less 

than said given diameter, and each said leg portion 
has a leg opening; 

at least one other of said expandable supportive 
endoluminal components is a generally cylindrical 

20 supportive leg component; and 

said generally cylindrical supportive leg 
component and one of said leg portions of the trunk 
component, when said leg component and trunk 
component are deployed within the body vessel, are 

25 telescopically positioned with respect to each other. 

2. The supportive endoluminal graft in accordance with 
claim 1, wherein said generally cylindrical 
supportive leg component has an end portion which, 

30 when deployed, is positioned within said leg opening 

of the trunk component. 



3. 



The supportive endoluminal graft in accordance with 
claim 1, wherein said plurality of expandable 
supportiv endoluminal comp nents ar self-expanding. 
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4. The supportlv end luminal graft in accordance with 
claia 1, wherein said plurality of expandable 
supportive endolvuninal components are deployed by a 
radially expandable device. 

5. The supportive endoluminal graft in accordance with 
claim 1^ wherein said generally cylindrical 
supportive component includes a generally cylindrical 
supporting member and a generally cylindrical liner 

5 secured therealbng. 

6. The supportive endoluminal graft in accordance with 
claim 1, wherein said triink component has a trunk 
liner which includes a compliant wall of essentially 
inert biocompatible material, said trunk liner being 

5 attached to the internal surface of the trunk 

component, said compliant wall having a diameter size 
that expands with said trunk component. 

7. The supportive endoluminal graft in accordance with 
claim 5, wherein said liner of the generally 
cylindrical supportive leg component is a compliant 
wall of essentially inert biocompatible material, 

5 said compliant wall being applied onto at least the 

internal surface of the generally cylindrical tubular 
supporting member of the leg component. 

8. The supportive endoluminal graft in accordance with 
claim 1, wherein said trunk component includes a 
third portion having a diameter approximating said 
given diameter of the first portion, and said second 

5 portion is positioned between said first portion and 

said third portion. 



9. 



The supportive endoluminal graft in accordance with 
claim 8, wherein said first portion and said third 
porti n are each generally cylindrical. 
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10 « The supportive endoluminal graft in accordance with 
claia 1, wherein said gen rally cylindrical 
supportive 1 g c aponent, when deployed, is 
telesccqpically slidably positioned within one of said 
S leg portions of the trunk component* 

11. The sui^ortive endoluminal graft in accordance with 
claim 5, wherein said liner of the leg component is a 
compliant wall made from a porous material that 
provides a structure which allows normal cellular 

> invasion thereinto from the body vessel when 

implanted therewithin. 

12. The supportive endoluminal graft in accordance with 
claim 6, wherein said porous material of said 
compliant wall is an elastomeric polymer. 

13. The supportive endoluminal graft in accordance with 
claim 6, wherein said porous material of said 
compliant wall is a polycarbonate urethane. 

14. The supportive endoluminal graft in accordance with 
claim 6, wherein said poroiis material is coated with 
a thin layer of silicone rubber. 

15. The supportive endoluminal graft in accordance with 
claim 6, wherein said trunk liner includes an 
interior liner and an intermediate liner between said 
interior liner and said tubular supporting member. 

16. The supportive endoluminal graft in accordance with 
claim 1, wherein said trunk component includes a 
plurality of wire strands with open areas 
therebetween to form a braided mesh. 



17. 



The supportive endoluminal graft in accordance with 
claim 16, wherein said wire strands of the tubular 
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supp rtlng conpon nt include a plurality of 
individual strands which are longitudinally adjacent 
5 to and in contact with each other in a braided, 

crossing configuration. 



la. The supportive endoluainal graft in accordance with 
claia 1, wherein said generally cylindrical tubular 
supportive components include wire strands shaped as 
intersecting elongated lengths integral with each 
other and defining openings therebetween to fora a 
braided aesh-shaped tubular supporting aenber. 

19. The supportive endoluainal graft in accordance with 
claia 1, %iierein the endoluainal graft is subjected 
to surface treataent with a coapliant adhesive-like 
polyaer. 



20. The si^portive endoluainal graft in accordance with 
claia 19, irtierein coapliant adhesive-like polyaer is 
a polycarbonate urethane. 



21. The supportive endoluainal graft in accordance with 
claia 21, wherein said trunk coaponent has a 
plurality of said indents, each indent having a 
longitudinal internal surface, and said longitudinal 
internal sxurfaces engage each other to thereby define 
said leg portion to be generally cylindrical. 

22. The aiq^rtive branching expandable endoluainal graft 
in accordance with claia 21, wherein said 
longitudinal internal surfaces are longitudinal edges 
that are secured together. 

23. A branching expandable supportive endoluainal graft 
coaprising: 

an expandable supportive endoluainal graft 
coaponent which is deployed individually at a 
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selected location within a body vess 1, said 
supportive endoltiminal graft component being radially 
compressible and radially expansible; and 

said expandable supportive endoluminal graft 
component is a trunk component which is generally 
tubular and has a first portion with a given diameter 
and a second portion including a longitudinally 
disposed indent generally defining at least two leg 
portions, each with a diameter less than said given 
diameter, and each said leg portion has a leg 
opening. 

24. The branching expandable supportive graft in 
accordance with claim 23, wherein said trunk 
component has a plurality of said indents, each 
indent having a longitudinal internal surface, and 

5 said longitudinal internal surfaces engage each other 

to thereby define said leg portion to be generally 
cylindrical. 

25. The branching expandable supportive graft in 
accordance with claim 24, wherein said longitudinal 
internal surfaces are longitudinal edges that are 
secured together* 

26. The branching expandable supportive graft in 
accordance with claim 23, wherein said trunk 
component has a polymeric porous wall of essentially 
inert biocompatible material, said compliant porous 

5 wall being applied onto at least said internal 

surface of the tubular supporting component, and said 
polymeric wall has a longitudinally disposed crease 
which lies along said indent of the trunk component. 

27. The branching expandable supportive graft in 
Accordance with claim 23, wherein said trunk 

coiqd nent includes a third portion having a diameter 



10 
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approximating said given diameter of the first 
5 portion, and said second portion is positioned 

betv en said first portion and said third portion. 

28. The branching expandable supportive graft in 
accordance with claim 27^ wherein said first portion 
and said third portion are each generally 
cylindrical. 

29. The branching expandable supportive graft in 
accordance with claim 26, wherein said porous 
material of said compliant wall is an elastomeric 
polymer. 



30. The branching expandable supportive graft in 
accordance with claim 26, wherein said porous 
material of said compliant wall is a polycarbonate 
ur ethane. 

31. The branching expandable supportive graft in 
accordance with claim 26, wherein said trunk liner 
includes in interior liner and an intermediate liner 
between said interior liner and said tubular 

5 supporting member. 

32. The branching expandable supportive graft in 
accordance with claim 23, wherein said trunk 
component includes a plurality of wire strands with 
open areas therebetween to form a braided mesh. 

33. The branching expandable supportive graft in 
accordance with claim 23, wherein the endoluminal 
graft is subjected to surface treatment with a 
compliant adhesive-like polymer. 
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34. A meth d for implanting a multi-component branching 
expandable supportive end luminal graft, comprising 
the steps f : 

providing a generally tubular supporting trunk 
5 component having a first portion with a given 

diameter and a second portion including a 
longitudinally disposed indent generally defining at 
least two leg portions, each leg portion defining a 
leg opening having a diameter less than the given 
10 diameter of the first portion; 

inserting the trunk component generally at a 
branching site within a body vessel, and expanding 
the trunk component to engage a main vessel path of 
the vessel body; 
15 providing a generally cylindrical supportive leg 

component which includes a tubular supporting member; 

inserting the generally cylindrical supportive 
leg component into the body vessel at a location 
between a leg portion of the trunk component and a 
20 branched pathway associated with a main pathway of 

the body vessel, and expanding the leg component so 
as to be deployed at said location; 

providing another generally cylindrical 
supporting leg component having a tubular supporting 
25 member; and 

inserting the another generally cylindrical 
supportive leg component into the body vessel at a 
location between the other leg portion of the trunk 
component and another branched pathway associated 
30 with the main pathway of the body vessel, and 

expanding the component so as to be deployed at said 
location in order to form a bifurcated supportive 
endoluminal graft at a bifurcation site within the 
body vessel. 

35* The method in accordance with claim 34, wherein said 
St p f providing the trunk c mpon nt includes lining 
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the trunk supporting compon nt, each step of 
providing the leg component provides a leg c mponent 
5 which includes a liner and a tubular supporting 

member, and each such leg component is deployed 
inside of a respective one of the leg portions of the 
trvmk component, each of which is generally 
coextensive with the tubular supporting member of the 
10 trunk component. 

36. A method for manufacturing a branched expandable 
supportive endoluminal graft, comprising the steps 
of: 

forming a cylindrical braided mesh tube by 
5 braiding metal strands into a cylindrical member; 

crimping longitudinal portions of the cylindrical 
braided mesh tube to form at least one longitudinally 
disposed indent therein to provide a crimped braided 
mesh tube; 

10 attaching an adhesive layer to the inside surface 

of the crimped braided mesh tube; 

inserting a cylindrical polymeric compliant tube 
within the crimped braided mesh tube into engagement 
with the adhesive layer; and 

15 applying pressure to secure the polymeric 

compliant tube onto the inside surface of the crimped 
braided mesh tube and simultaneously form a crease in 
the polymeric compliant tube that generally conforms 
in shape and size to the indent of the crimped 

20 braided mesh tube. 
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